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1. ABSTRACT 
Herbal medicine is still the mainstay of about 75% of the world population, especially 
in the under developed and developing countries, for primary health care because of 
better cultural acceptability, better compatibility with the human body and lesser side 
effects. However, in the last few years there has been a major increase in their use in 
the developed world. In Germany and France, many herbs and herbal extracts are 
used as prescription drugs. Herbal treatments are the most popular form of traditional 
medicine, and are highly lucrative in the international marketplace.  
The medicinal plants contribute to cater 80% of the raw materials used in the 
preparation of drugs. According to The National Medicinal Plants Board, Ministry of 
Health and Family Welfare, Govt. of India, department of Ayush, India has 15 
Agroclimatic zones and 17000-18000 species of flowering plants of which 6000-7000 
are estimated to have medicinal usage in folk and documented systems of medicine, 
like Ayurveda, Siddha, Unani and Homoeopathy.  About 960 species of medicinal 
plants are estimated to be in trade of which 178 species have annual consumption 
levels in excess of 100 metric tons. 
The domestic market of Indian Systems of Medicine and Homoeopathy is about Rs. 
4000 crores (2000), which is expanding day by day. The Ayurved drug market alone 
is to the order of Rs. 3500 crores. Besides this, there is also a growing demand for 
natural products including items of medicinal value/pharmaceuticals, food 
supplements and cosmetics in both domestic and international markets. Presently, 
India’s export, from medicinal and herbal plants, is Rs. 3000 crores. India, with its 
diversified biodiversity has a tremendous potential and advantage in this emerging 
area. There are several stakeholders in the medicinal plants sector, right from herb 
collectors and growers to manufacturers and consumers. More than 700,000 
practitioners of Ayurveda, Siddha, Unani, Yoga, Naturopathy and Homeopathy are 
registered in the Indian systems of medicine and also a sizeable number of 
practitioners are not registered. 
India is one of the most important countries in the world in term of floristic diversity. 
The Ministry of Environments and Forests, Government of India has established 8 
biosphere reserves, 85 national parks and 448 sanctuaries for conservation of flora 
and fauna. India has a network of about 140 botanical gardens for ex-situ (outside 
natural habitat) conservation and demonstration of plants.[1] About 54% of the 
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country’s land is under cultivation for food, ornamental and medicinal plant crops and 
approximately 19% area has varying degree of forest vegetation cover. Land based 
developmental activities provide means of livelihood, health and opportunity for 
employment. India has global position in the field of traditional medicines. There are 
about 45,000 plants species in India which are in abundant in the regions of eastern 
Himalaya, western Ghats and Andman and Nicobar Islands. The official documented 
plants with medicinal potential are 3,000 but traditional practitioner use about 8,000 
vegetable drugs. India is the largest producer of medicinal herbs and approximately 
called the botanical garden of the world.[2] In Indian medicinal systems the most 
practitioners formulate and dispense their own recipes; hence, this requires proper 
documentation and research. In rural India, 70% of the population is dependent on the 
traditional system of medicine. In western world also the practitioner of herbal 
medicines is steadily growing and approximately 40% of the population is taking 
herbs to treat diseases.[3] Public, academic and governmental interest in traditional 
medicines is growing exponently due to increased incidence of the adverse drug 
reactions and economic burden of the modern synthetic drugs.[4] In 1997, it was 
estimated that about 20% of the world’s population lived in extreme poverty and 
lacked basic medicines.[5] The herbal drugs, which are cheap with less side effects, 
will be helpful to cure diseases of all the people including countries of the third world.  
Medicinal plants are not only a major resource base for the traditional medicine & 
herbal industry but also provide livelihood and health security to a large segment of 
Indian population.  The domestic trade of the AYUSH industry is of the order of Rs. 
80 to 90 billion (1US$ = Rs.50).  The Indian medicinal plants and their products also 
account of exports in the range of Rs. 10 billion. There is global resurgence in 
traditional and alternative health care systems resulting in world herbal trade which 
stands at US$ 120 billion and is expected to reach US$ 7 trillion by 2050.  Indian 
share in the world trade, at present, however, is quite low. According to WHO, 
Annual revenues in Western Europe reached US$ 5 billion in 2003-2004. In China, 
sales of products totaled US$ 14 billion in 2005. Herbal medicine revenue in Brazil 
was US$ 160 million in 2007.[6] About 25% of modern medicines are descended from 
plants first used traditionally.   
In the UK retail sale of complementary medicines were estimated to be 72 million 
pound in 1996, an increase of 36% in real terms since 1991. According to the detailed 
analysis of herbal medicines market in Germany and France, total sales of herbal 
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medicines in those countries in 1997 were US$ 1.8 billion and US$ 1.1 billion 
respectively.[7] Estimates of expenditure on herbal medicines vary, but data generally 
show that the global market for herbal products has grown rapidly in the past decade. 
In the USA, annual retail sales of herbal medicines were estimated to be US$ 1.6 
billion in 1994,[8] and almost US$ 4 billion in 1998.[9] Retail sales of herbal products 
in the European Union (EU) were estimated to be US$ 7000 million in 1996.[10] A 
detailed analysis of the European herbal medicines market reported that Germany and 
France make up more than 70% of the market share.[11] In the UK, retail sales of 
herbal products are reported to have increased by 43% in the period from 1994 to 
1998, with retail sales of licensed herbal medicinal products reported to be £50 
million in 1998.[12] These figures demonstrate that herbal medicinal products are being 
used increasingly by the general public on a self-selection basis to either replace or 
complement conventional  medicines. 
In Japan, total expenditure for all types of pharmaceutical products was approximately 
$8.3 billion (US) in 1976, whereas only about $12.5 million (US) was spent on 
Kampo (herbal) medicines. Thus in that year, Kampo medicines in the Japanese 
health care system amounted to only about 0.15% of total pharmaceutical 
expenditures. In 1983, total pharmaceutical expenditures in Japan were valued at 
about $14.6 billion (US) and those for Kampo medicines increased to about $150 
million (US). Hence, in 7 years, expenditures for Kampo medicines in the Japanese 
health care system increased to about 1% of total pharmaceutical expenditures.[13] 
India is sitting on a gold mine of well-recorded and well-practiced knowledge of 
traditional herbal medicine. But, unlike China, India has not been able to capitalize on 
this herbal wealth by promoting its use in the developed world despite their renewed 
interest in herbal medicines. This can be achieved by judicious product identification 
based on diseases found in the developed world for which no medicine or only 
palliative therapy is available; such herbal medicines will find speedy access into 
those countries. Strategically, India should enter through those plant-based medicines, 
which are already well accepted in Europe, USA and Japan. Simultaneously, it should 
identify those herbs (medicinal plants), which are time-tested and dispensed all over 
in India. One such herbal drug – Wheatgrass, has been traditionally used, since 
ancient times, to treat various diseases and disorders, in India.  
Wheat, (Triticum species) a cereal grass of the Gramineae (Poaceae) family, is the 
world's largest edible grain cereal-grass crop. The wheat plant is an annual grass. It is 
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mainly grown as a winter annual in milder climates, with seeding in the fall and 
harvest from June through August depending on the length of the winter. For over 
fifty years, researchers have known that the cereal plant, at this young green stage, is 
many times richer in the levels of vitamins, minerals and proteins as compared to seed 
kernel, or grain products of the mature cereal plant.[14] The young germinated plant is 
a factory of enzyme and growth activity. In the early stages of growth they store large 
amounts of vitamins and proteins in the young blades. After jointing stage, the 
nutritional level in the leaves drops rapidly while the fiber content increases rapidly. 
This stage represents the peak of the cereal plant's vegetative development.[15] 
Although over 30,000 varieties of wheat exist, they are of two major types:  bread 
wheat and durum wheat. Agriculturally, Important species of Triticum include – (I) 
Triticum aestivum, (II) Triticum durum and (III) Triticum dicoccum. Wheatgrass has 
been traditionally used, since ancient times, to treat various diseases and disorders. 
The movement for the human consumption of wheatgrass began in the western world 
in the 1930s and was initiated by Charles F. Schnabel, known as the father of 
wheatgrass.[16] He said ‘Fifteen pounds of wheatgrass is equivalent to 350 pounds of 
the choicest vegetables.’ Later Wigmore (1940) healed herself of cancer from the 
weeds she found in vacant lots in Boston.  She began a study of natural healing 
modalities - and with the help of a friend, Dr. Earp Thomas, she found that there are 
4700 varieties of grass in the world and all are good for man.   Dr. Wigmore utilized 
the chlorophyll present in wheatgrass as body cleanser, rebuilder and neutralizer of 
toxins. She claimed that wheatgrass is a safe and effective treatment for ailments such 
as high blood pressure, some cancers, obesity, diabetes, gastritis, ulcers, anemia, 
asthma and eczema.[17] 
Some research workers have studied chlorophyll, one of the major ingredients present 
in wheatgrass. Chlorophyll is not so unique in its chemical structure. The chemical 
similarity between hemoglobin and chlorophyll was first suggested by Verdel in 1855. 
[18] Owing to the close molecular resemblance between chlorophyll and hemoglobin, it 
was hypothesized that chlorophyll is nature's blood-building element for all 
herbivorous animals and humans. 
Some studies have indicated that feeding chlorophyll-rich foods to rats stimulates the 
regeneration of red blood cells.[19] The deficiency of magnesium in serum or 
erythrocytes has also been reported in human β-thalassemia. These deficiencies may 
play a significant role in various cellular abnormalities characteristic of this disorder. 
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[20] The iron-induced liver damage in thalassemia may play a major role in the 
depletion of lipid-soluble antioxidants like vitamin A and vitamin E.[21] Degradation 
of chlorophyll following ingestion by humans produces several chlorophyll 
derivatives, of which pheophytin, pyro-pheophytin, and pheophorbide have been 
under study for their potential medical benefits.[22] Pheophorbide-a showed 
antioxidant activity against lipid auto-oxidation.  The extent of activity was 
comparable to that of ∝-tocopherol, a powerful and well-known antioxidant.[23-25]  
Traditionally, wheatgrass has been used as an adjunct in treatment of cancers. 
Wigmore (1985) suspected that wheatgrass is also useful as anticancer preparation by 
virtue of its several components like chlorophyll, P4D1 compound, abscisic acid and 
laetrile (vitamin B17).[17] Chlorophyll has been reported to exhibit anti-mutagenic 
activity in short-term genotoxicity assays.[26] Chlorophyll-rich plant extracts, as well 
as water solutions of a chlorophyll derivative (chlorophyllin), dramatically inhibit the 
carcinogenic effects of common dietary and environmental chemicals.[27-28] 
Our bodies are complex systems in which there is a delicate chemical balance that 
keeps everything functioning as it should. Disruptions to the system are going to have 
consequences with some being more severe than others. Some of these consequences 
can take the form of disease or irreversible damage. One of the most important parts 
of prevention is good nutrition. Nutritional diseases are commonly associated with 
chronic malnutrition.  Scientific reports on nutritional analysis of wheatgrass have 
been published frequently in various journals.[29-31] These reports and the chemical 
analyses undertaken reveal that wheatgrass is rich in chlorophyll, minerals like 
magnesium, selenium, zinc, chromium, antioxidants like beta-carotene (pro-vitamin 
A), vitamin E, vitamin C, antianemic factors like vitamin B12, iron, folic acid, 
pyridoxine and many other minerals, amino acids and enzymes, which have 
significant nutritious and medicinal value. Hence, to evaluate usefulness of 
wheatgrass in nutritional deficiency disorders, we planned detailed analyses of 
wheatgrass for its vitamins, minerals and amino acid contents. 
Owing to long-standing and time-proven use of herbal drugs, along with higher safety 
margin, WHO has taken necessary, steps to ensure quality control with modern 
techniques and application of suitable standards for this purpose. To ensure the 
quality and safety of herbal products, standardization is of vital importance.[32] The 
effectiveness of herbal drugs mainly depends upon the proper use and sustained 
availability of genuine raw materials. Hence, in order to entitle wheatgrass, the status 
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of a standard herbal medicine for acceptance in global market, we standardized 
wheatgrass using HPTLC in this study. 
It has been recommended that the topical application of wheatgrass juice is useful for 
treatment of skin infections.[17] It has also been claimed that wheatgrass juice may 
have antibacterial activity, especially against anaerobic bacteria.[33] Chlorophyll 
solutions provide significant relief of pain, reduction of inflammation, and the control 
of odor for patients with serious mouth diseases.[34] Chlorophyll has also been used 
successfully to treat chronic and acute sinusitis, vaginal infections, and chronic rectal 
lesions.[35] Thus, in classic literature, wheatgrass has been claimed to possess anti 
inflammatory, analgesic and antibacterial properties. Since, all these three are major 
contributors in skin diseases; we attempted to investigate therapeutic benefits of 
wheatgrass in skin diseases, in this project.   
An ulcer (from Latin ulcus) is an open sore of the skin, eyes or mucous membrane, 
often caused, but not exclusively, by an initial abrasion and generally maintained by 
an inflammation, an infection, and/or medical conditions which impede healing. 
Stomach ulcers affect about 4 million Americans every year. More than 40,000 
Americans have surgery because of persistent symptoms or problems from ulcers 
every year. About 6,000 Americans die of stomach ulcer-related complications every 
year. 80% of ulcers are associated with Helicobacter pylori. Ulcers can also be caused 
or worsened by drugs such as Aspirin and other NSAIDs. Chlorophyll has been 
shown to be extremely effective in speeding the healing of peptic ulcers and wounds, 
which develop internally in the gastro-intestinal tract. Several studies document the 
use of chlorophyll in the treatment of ulcers resistant to more conventional therapies. 
The results are quite impressive. In the Offenkrantz study, 20 of the 27 patients with 
chronic ulcers were relieved of pain and other symptoms in 24 to 72 hours.[35] Since, 
wheatgrass is a rich source of chlorophyll and chlorophyll has been claimed to have 
beneficial effect in treatment of ulcer, we also decided to evaluate effectiveness of 
wheatgrass in ulcer.    
Wheatgrass has been traditionally used, since ancient times, to treat various diseases 
and disorders. Presently, there are a number of wheatgrass suppliers, in almost all 
cities of India, supply fresh wheatgrass, on daily basis to their regular customers by 
home-delivery system for various ailments and as health tonic. Fresh wheatgrass has 
been proposed to be used as a juice.[36] To get fresh wheatgrass is difficult during 
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travelling. Wheatgrass powders are available in market by many supplier, but this are 
not standardised and contains large amount of insoluble fibres, so increases the bulk 
of the powder and increases dose or dosing frequency. So it is inconvenient to the 
patients. In a chronic disease like thalassemia, the drug treatment is of long duration, 
may even be for years. In such a circumstances the factor of patient compliance 
becomes very important. Outcome of the therapy will largely depend upon regular 
supply (round the year and in all seasons) and acceptability of the drug by patient. As 
a pharmaceutical scientist, preparation of a suitable dosage form is prime area of 
research in the development of new drug formulations. Delivery of drugs to the skin is 
an effective and targeted therapy for local dermatological disorders. This route of 
drug delivery has gained popularity because it avoids first pass effects, 
gastrointestinal irritation, and metabolic degradation associated with oral 
administration.[37] Due to the first past effect only 25-45% of the orally administered 
dose reaches the blood circulation. In order to bypass these disadvantages the gel 
formulations have been proposed as topical application.[38] In the present investigation 
we decided to prepare suitable formulation that is as effective as juice. For treatment 
of ulcer, we prepared vatis of wheatgrass extract, while for treatment of skin disease; 
a gel formulation was developed in this project.  
Potency of herbal product is significantly affected by environmental factors. To 
ensure the quality and safety of herbal products, standardization is of vital importance. 
[32] Also, for the purpose of quality control of herbal drugs, W.H.O. has prepared 
guidelines. The objectives put forth are provisions for recommended general methods 
and also the general limits for contaminants for herbal drugs. It is well known that the 
stability of components present in wheatgrass, like chlorophyll, beta-carotene, vitamin 
A, vitamin E, vitamin C etc. are adversely affected upon exposure to changes in air, 
light, humidity and temperature. Today, chromatographic methods HPLC, GC, 
HPTLC are used for identifying active constituents of medicinal herbs. These 
scientific procedures have brought revolution in the field of herbal medicine, 
particularly in case of single plant based formulations. The concept of standardization 
is rapidly catching up with herbal products based on active constituents. Hence, we 
also evaluated the potency of wheatgrass formulation, using UV spectra and HPTLC 
methods. 
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In nutshell the objectives of the present project were: 
1. To carry out pharmacognostic study of different varieties of Triticum grass 
(Wheatgrass) using suitable analytical techniques. 
2. To analyze wheatgrass for its vitamins, minerals and amino acid contents. 
3. To characterize and develop scientific method for standardization of Triticum 
aestivum (Wheatgrass). 
4. To investigate therapeutic benefits of wheatgrass in skin diseases. 
5. To evaluate effectiveness of wheatgrass in ulcer. 
6. To prepare formulations of wheatgrass for oral and topical application.  
7. Standardization of wheatgrass formulations, using flamephotometery and 
HPTLC methods. 
 
In our investigation, certified samples of three major species of wheat viz. Triticum 
aestivum, Triticum durum and Triticum dicoccum were acquired from the Wheat 
Research Center, Gujarat Krushi University, Junagadh, Gujarat. Adequate quantity of 
unpolished wheat grain of these varieties were soaked overnight in water and were 
grown in plastic trays filled with soil, on the next day. Trays were watered adequately 
everyday, for 8 days. On 9th day the wheatgrass was harvested. To characterize and 
differentiate among the three varieties of wheatgrass, all three varieties of the grass 
were subjected to microscopic study, which included transverse sections, surface 
preparations and powder study. These wheat varieties were grown in plastic trays as 
per the standard procedure. Microscopic studies of transverse sections, surface 
preparations and powder studies of the three species of wheatgrass were conducted 
using high-resolution microscope.  
In confirmation with the description in literature; the leaves were mainly near 
glabrous, auriculate, with blades narrowly to broadly linear; broad to narrow; 2-20 
mm wide; flat; without cross venation.[39] The leaf blade was linear and parallel-
veined with mid rib projecting on the back continuing someway along the sheath. In 
T. Dicoccum the hairs on the swollen base of leaf were longer than those of other 
species. The longest leaves were possessed by T. durum. Observations in microscopic 
studies of different species also confirmed characteristics reported in literature.[39] In 
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transverse section, the wheatgrass leaf showed 1. elaborate epidermis with 
characteristic stomata and trichomes 2. green assimilating parenchyma, 3. conducting 
vascular bundles and 4. longitudinal strands of fibrous stereome or supporting tissue. 
The upper surface of the leaf showed a series of longitudinal ridges or ribs, the lower 
surface being almost flat. At the summit of each ridge was a single row of elongated 
thick-walled and pitted cells alternating with hairs. The trichomes or hairs were 
always unicellular, and vary much in length and stoutness. On the leaves of T. 
aestivum, ample numbers of hair were present, while in T. dicoccum and T. durum 
they were sparsely distributed on the surface of the leaf. Stomata were observed at the 
base of the ridge arranged in single or double lines. Each stoma on the leaf consisted 
of four cells; the two guard cells being narrow, with specially thickened walls round 
the stomatal pore and thin-walled widely dilated ends. Pores of the stomata were seen 
to be in communication with large intracellular cavities in the mesophyll, called 
lacune. In surface preparation, trichomes or hairs of various lengths were found 
scattered along the rows at more or less at regular intervals except in T. durum. The 
pharmacognostic characteristics observed in our study were in confirmation with that 
reported in the literature. 
Various chemical tests suggests that wheatgrass contains phenolics, flavonoids and 
proteins/amino acids in methanol, water and acetone extract, whereas these were 
absent in petroleum ether, benzene and chloroform extract.  
HPTLC and flame photometry methods were used for quantitative estimation of 
various constituents present in wheatgrass. Samples of methanol and acetone extracts 
of fresh wheatgrass and methanol extracts of various formulations were used for 
determination of pigments using TLC and HPTLC.  
TLCs of the methanol and acetone extracts of fresh wheatgrass were carried out for 
estimation of pigments, using n-hexane: acetone: methanol (13.5: 7: 0.25) solvent 
system. Chromatograms of the extracts were recorded. Individual spots (components) 
in chromatogram were scanned between 200-700 nm wavelength to obtain their 
spectra, for the purpose of identification of these components in further 
investigations. 
Methanol extract of fresh wheatgrass showed 13 spots at different Rf values viz. (1) 
0.03 (orange), (2) 0.17 (light green), (3) 0.23 (light green), (4) 0.30 (yellow), (5) 0.34 
(yellow), (6) 0.44 (green), (7) 0.51 (green), (8) 0.58 (light green), (9) 0.64 (dark 
ABSTRACT 
 
  Page 10 
 
green), (10) 0.69 (yellowish green), (11) 0.71 (light grey), (12) 0.84 (grey), (13) 0.95 
(orange). One year old methanol extract showed 10 spots. 
TLC of acetone extract of fresh wheatgrass was also carried out and chromatograms 
(tracks) were recorded. Acetone extract showed 13 spots at different Rf values viz. (1) 
0.02 (orange) (2) 0.06 (light green), (3) 0.21 (yellowish green), (4) 0.29 (yellow), (5) 
0.33 (green), (6) 0.37 (light green), (7) 0.45 (green), (8) 0.52 (green), (9) 0.57 (green), 
(10) 0.71 (green), (11) 0.72 (light grey), (12) 0.84 (grey), (13) 0.94 (orange). 
TLC of aqueous extract of wheatgrass was carried out in n-propanol: chloroform: 
acetic acid: ammonia: deionised water (7:4:5:1:1) solvent system and scanned at 254 
nm and 210 nm wavelength for determination of amount of vitamins present in 
wheatgrass. Aqueous extract showed 10 spots at different Rf values viz. (1) 0.0, (2) 
0.3230, (3) 0.3412, (4) 0.5832, (5) 0.5843, (6) 0.7012, (7) 0.7153, (8) 0.8652, (9) 
0.8951, (10) 0.9127. With the help of standard mixture analysis and calibration curves 
of vitamins, 7 different vitamins were identified and quantified in aqueous extract of 
wheatgrass. 
TLC of aqueous extract of wheatgrass was carried out in n-butanol: acetic acid: water 
(5:2.5:2.5) solvent system and scanned at 475 nm wavelength for determination of 
amount of amino acids present in wheatgrass. Aqueous extract showed 14 spots at 
different Rf values viz. (1) 0.0471, (2) 0.09, (3) 0.10, (4) 0.1192, (5) 0.1796, (6) 
0.1912, (7) 0.1926, (8) 0.2951, (9) 0.3312, (10) 0.3610, (11) 0.405, (12) 0.4535, (13) 
0.5124, (14) 0.5686. With the help of standard mixture analysis and calibration curves 
of amino acids, 10 different amino acids were identified and quantified in aqueous 
extract of wheatgrass. It was not possible to identify other amino acids as their Rf 
values and UV spectra were similar to each other. 
Wheatgrass is rich in many minerals that are useful for our body. Now-a-days, many 
formulations of wheatgrass are available in market, but no proper method is available 
to detect the actual amount of minerals present in the formulation. Present work of 
determining mineral content, was based on flame photometry which is simple, 
inexpensive and less time-consuming method. This method is properly validated 
using standard chemicals and it can be applied to any formulation. In our project, the 
contents of sodium, potassium, calcium and lithium in methanol and aqueous extracts 
of wheatgrass, were determined in terms of mmol/L, ppm and mg/100 g of fresh 
wheatgrass. Results show that wheatgrass contains 80-84 mg calcium per 100 g fresh 
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wheatgrass in aqueous extract, 60-68 mg calcium per 100 g fresh wheatgrass in 
methanol extract, 23-25 mg sodium per 100 g fresh wheatgrass in aqueous and 
methanol extract, whereas 74-75 mg potassium per 100 g fresh wheatgrass in water 
extract and 39-43 mg potassium per 100 g fresh wheatgrass in methanol extract. As 
per this result lithium was absent in water and methanol extract. We also tried to 
detect amount of elements in acetone extract, but in acetone; flame was not stable and 
the intensity of flame was very high, so it was not possible to conduct analysis of 
acetone extract. 
Anti-inflammatory activity of aqueous, methanol and acetone extracts of Triticum 
aestivum (wheatgrass) was determined by carrageenan-induced paw-edema, using 
plethysmometer, in albino wistar rats with subcutaneous administration of 1.43 g/kg 
bodyweight, dose. The maximum anti-inflammatory activity was observed at 5 hours. 
Compared to control group, the % inhibition with acetone extract, methanol extract, 
aqueous extract and diclofenac were found to be 50.64,  73.38,  63.81 and 80.87 
respectively. The anti-inflammatory activity of methanol extract, was highest among 
all other extracts but lesser than the standard drug. Application of one-way ANOVA 
test (Dunnett multiple comparisons) between various groups showed the significance 
of the result at p<0.01. The activity was attributed to the presence of phytoconstituents 
in the tested extract. Further studies in this context may come up with safe and 
effective treatment for inflammation.  
Anti-ulcer activity of wheatgrass juice was determined by ethanol induced mucosal 
damage, in wistar rats. While, administration of ethanol produced severe hemorrhagic 
gastric lesions, in positive control group, pretreatment with wheatgrass juice and 
omeprazole 20 mg/kg (reference drug) significantly reduced the number of ulcers. 
The parameters studied in this model included ulcer index. Average ulcer index found 
in ethanol induced control rats was 3.6233 ± 0.2098, whereas ulcer index in animals 
treated with omeprazole and wheatgrass juice were 0.75 ± 0.1176 and 1.216 ± 0.1195 
respectively. One way ANOVA test (Dunnett multiple comparisons) between various 
groups showed significance at p < 0.01.  
Wheatgrass has been traditionally used, since ancient times, to treat various diseases 
and disorders. Getting fresh wheatgrass is difficult, during travelling. As a 
pharmaceutical scientist, preparation of a suitable dosage form is the prime area of 
research in development of new drug formulations. In the present investigation, we 
decided to prepare suitable formulation that is as effective as juice.  
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Methanol extract and combined extracts obtained through successive extraction of 
wheatgrass using petroleum ether, acetone, methanol and water were used to make 
vatis using suitable excipients. Random samples of these vatis were subjected to 
various pharmaceutical quality control tests like colour, shape, hardness, thickness, 
diameter, friability, weight variation, determination of vitamins, amino acids and 
pigments. Vati-F1 was round shaped with flat surface having dark green colour, 
whereas F2 was round with convex surface having light green colour with dark green 
spots on surface. Average weight of vati-F1 and F2 were 912 mg and 1017 mg 
respectively. Hardness of vati-F1 was less (i.e., 3.3 kg/cm2), compared to vati-F2 (i.e., 
5.2 kg/cm2). Size of vati-F1 was also less (i.e., 11.116 mm diameter and 6.05 mm 
thickness), compared to vati-F2 (i.e., 12.2 mm diameter and 7.53 mm thickness). 
Friability of vati-F1 was also less (i.e., 0.4112 %), compared to vati-F2 (i.e., 0.885 
%). Vati-F1 disintegrated within 11.20 minute, while disintegration time of vati- F2 
was 6.6 minutes. Both formulations confirmed to the standards of quality control 
parameters. Stability of constituents present in these two prepared vatis, F1 and F2 
were also checked by determining their contents after six months from date of 
manufacturing.  
Wheatgrass contains chlorophyll. Chlorophyll solutions provide significant relief of 
pain, reduction of inflammation, and the control of odor for patients with serious 
mouth diseases, used successfully to treat chronic and acute sinusitis, vaginal 
infections, and chronic rectal lesions.[34,35] Therefore, in the present study, a suitable 
topical wheatgrass gel formulation was developed, using carbopol 940. The gel was 
evaluated for various physicochemical parameters like clarity, pH, viscosity, 
homogenity and content of amino acids, vitamins and pigments. Stability of 
constituents, present in wheatgrass gel was also checked by determining its contents, 
after six months of manufacturing. 
TLCs of vati-F1, F2 and gel were carried out in n-hexane: acetone: methanol (13.5: 7: 
0.25) solvent system for determination of amount of pigments present in formulations, 
when these were freshly prepared and then after six months of manufacturing. 
Methanol extract of F1 showed 13 spots at different Rf values viz. (1) 0.03 (orange) 
(2) 0.17 (light green) , (3) 0.23 (light green), (4) 0.30 (yellow), (5) 0.34 (yellow), (6) 
0.44 (green), (7) 0.51 (green), (8) 0.58 (light green), (9) 0.64 (dark green), (10) 0.69 
(yellowish green) (11) 0.71 (light grey), (12) 0.84 (grey), (13) 0.95 (orange). 
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Methanol extract of wheatgrass vati prepared from whole extract-F2 showed 17 spots 
at different values viz. (1) 0.03 (orange) (2) 0.06 (light green) (3) 0.17 (light green) 
(4) 0.21 (green) (5) 0.23 (yellowish green) (6) 0.29 (dark yellow) (7) 0.33 (green) (8) 
0.37 (green) (9) 0.44 (light green) (10) 0.52 (green) (11) 0.56 (green) (12) 0.58 
(green) (13) 0.64 (dark green) (14) 0.69 (yellowish green) (15) 0.71 (light grey) (16) 
0.84 (grey) (17) 0.95 (orange).  
In HPTLC, methanol extract of wheatgrass topical gel showed 17 spots at different Rf 
values viz. (1) 0.02 (orange)  (2) 0.07 (light green) (3) 0.17 (light green) (4) 0.21 
(green) (5) 0.23 (yellowish green) (6) 0.30 (dark yellow) (7) 0.33 (green) (8) 0.43 
(light green) (9) 0.46 (yellowish green) (10) 0.52 (green) (11) 0.56 (green) (12) 0.59 
(green) (13) 0.65 (dark green) (14) 0.69 (yellowish green) (15) 0.70 (light grey) (16) 
0.84 (grey) (17) 0.94 (orange).  
Both formulations, F1 and F2, contained 74-95% of pigments compared to pigments 
presents in fresh wheatgrass (except component P-53 %).  
TLCs of vati-F1, F2 and gel were carried out in n-propanol: chloroform: acetic acid: 
ammonia: deionised water (7:4:5:1:1) solvent system for determination of amount of 
vitamins present in formulations, when these were freshly prepared and then after six 
monthss of manufacturing. Results of the study showed that vitamins were sufficiently 
stable for six months, when formulations were stored in a room temperature, protected 
from light. 
TLCs of vati-F1, F2 and gel were carried out in n-butanol: acetic acid: water 
(5:2.5:2.5) solvent system for determination of amounts of amino acids present in 
formulations, both for freshly prepared and after six months of manufacturing. Results 
showed that amino acids remain stable even after six months, if formulations are 
stored at room temperature and protected from light. 
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2. INTRODUCTION 
Ayurveda is the oldest healing system of medicine. Major formulations used in 
Ayurveda are based on herbs. The prime objective of Ayurveda, the ancient Indian 
system of medicine, is the prevention and cure of disease process. According to WHO 
report, over 80% of the world population relies on traditional medicine largely plant 
based for their primary healthcare needs because of better cultural acceptability, better 
compatibility with the human body and lesser side effects. However, in the last few 
years there has been a major increase in their use in the developed world. In Germany 
and France, many herbs and herbal extracts are used as prescription drugs. Herbal 
treatments are the most popular form of traditional medicine, and are highly lucrative 
in the international marketplace.  
According to The National Medicinal Plants Board, Ministry of Health and Family 
Welfare, Govt. of India, department of Ayush, India has 15 Agroclimatic zones and 
17000-18000 species of flowering plants of which 6000-7000 are estimated to have 
medicinal usage in folk and documented systems of medicine, like Ayurveda, Siddha, 
Unani and Homoeopathy.  About 960 species of medicinal plants are estimated to be 
in trade of which 178 species have annual consumption levels in excess of 100 metric 
tons. 
The effectiveness of these drugs mainly depends upon the proper use and sustained 
availability of genuine raw materials. The domestic market of Indian Systems of 
Medicine and Homoeopathy is about Rs. 4000 crores (2000), which is expanding day 
by day. The Ayurved drug market alone is to the order of Rs. 3500 crores. Besides 
this, there is also a growing demand for natural products including items of medicinal 
value/pharmaceuticals, food supplements and cosmetics in both domestic and 
international markets. Presently, India’s export, from medicinal and herbal plants, is 
Rs. 3000 crores. India, with its diversified biodiversity has a tremendous potential and 
advantage in this emerging area. There are several stakeholders in the medicinal 
plants sector, right from herb collectors and growers to manufacturers and consumers. 
More than 700,000 practitioners of Ayurveda, Siddha, Unani, Yoga, Naturopathy and 
Homeopathy are registered in the Indian Systems of Medicine and also a sizeable 
number of practitioners are not registered. 
There are 9493 manufacturing units, 22,635 dispensaries and 1355 hospitals of the 
Indian Systems of Medicine. Approximately 800 species of medicinal plants are in 
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active trade and still there is a gap of 40,000 metric tonnes in the demand and supply 
of medicinal plants.[40] With a view to strengthen the medicinal plants sector all over 
the country as well as to conserve the wild stock, the NMPB was set-up by the 
Government of India on 24 November 2000.[41] India is one of the most important 
countries in the world in term of floristic diversity. About 54% of the country’s land is 
under cultivation for food, ornamental and medicinal plant crops and approximately 
19% area has varying degree of forest vegetation cover. Land based developmental 
activities provide means of livelihood, health and opportunity for employment. India 
has global position in the field of traditional medicines. About 90% herbal raw drugs 
used in the manufacture of vegetable drugs are obtained from the wild source which is 
limited. There are about 45,000 plants species in India which are in abundant in the 
regions of eastern Himalaya, western Ghats and Andman and Nicobar Islands. The 
rich heritage of flora is due to diversified and varied agro-climatic conditions. The 
official documented plants with medicinal potential are 3,000 but traditional 
practitioner use about 8,000 vegetable drugs. India is the largest producer of 
medicinal herbs and approximately called the botanical garden of the world.[2] In 
Indian medicinal systems the most practitioners formulate and dispense their own 
recipes; hence, this requires proper documentation and research. There are currently 
about 2,50,000 registered medical practitioners of the Ayurvedic system; the total for 
all traditional systems being nearly 2,91,000 as comparable to 7,00,000 of the modern 
medicines. In rural India, 70% of the population is dependent on the traditional 
system of medicine. In western world also the practitioner of herbal medicines is 
steadily growing and approximately 40% of the population is taking herbs to treat 
diseases.[3] Public, academic and governmental interest in traditional medicines is 
growing exponently due to increased incidence of the adverse drug reactions and 
economic burden of the modern synthetic drugs.[4] In 1997, it was estimated that 
about 20% of the world’s population lived in extreme poverty and lacked basic 
medicines.[5] The herbal drugs, which are cheap with less side effects, will be helpful 
to cure diseases of all the people including countries of the third world.  
Medicinal plants are not only a major resource base for the traditional medicine & 
herbal industry but also provide livelihood and health security to a large segment of 
Indian population.  The domestic trade of the AYUSH industry is of the order of Rs. 
80 to 90 billion (1US$ = Rs.50).  The Indian medicinal plants and their products also 
account of exports in the range of Rs. 10 billion. There is global resurgence in 
traditional and alternative health care systems resulting in world herbal trade which 
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stands at US$ 120 billion and is expected to reach US$ 7 trillion by 2050.  Indian 
share in the world trade, at present, however, is quite low. According to WHO, 
Annual revenues in Western Europe reached US$ 5 billion in 2003-2004. In China, 
sales of products totaled US$ 14 billion in 2005. Herbal medicine revenue in Brazil 
was US$ 160 million in 2007.[6] About 25% of modern medicines are descended from 
plants first used traditionally.   
In the UK retail sale of complementary medicines were estimated to be 72 million 
pound in 1996, an increase of 36% in real terms since 1991. According to the detailed 
analysis of herbal medicines market in Germany and France, total sales of herbal 
medicines in those countries in 1997 were  US$ 1.8 billion and US$ 1.1 billion 
respectively.[7] Estimates of expenditure on herbal medicines vary, but data generally 
show that the global market for herbal products has grown rapidly in the past decade. 
In the USA, annual retail sales of herbal medicines were estimated to be US$ 1.6 
billion in 1994,[8] and almost US$ 4 billion in 1998.[9] Retail sales of herbal products 
in the European Union (EU) were estimated to be US$ 7000 million in 1996.[10] A 
detailed analysis of the European herbal medicines market reported that Germany and 
France make up more than 70% of the market share.[11] In 1997, total sales of herbal 
products (using wholesale prices) were US$1.8 billion in Germany and US$1.1 billion 
in France. In the UK, retail sales of herbal products are reported to have increased by 
43% in the period from 1994 to 1998, with retail sales of licensed herbal medicinal 
products reported to be £50 million in 1998.[12] These figures demonstrate that herbal 
medicinal products are being used increasingly by the general public on a self-
selection basis to either replace or complement conventional  medicines. 
The system of traditional medicine in Japan, known as Kampo, is an adaptation of 
Chinese traditional medicine. Kampo formulations are essentially multicomponent 
mixtures of natural products, primarily plant extracts. In 1976 more than 69 kinds of 
Kampo formulae were introduced into the National Insurance Scheme in Japan, and 
this number has doubled since that time. The total expenditure for all types of 
pharmaceutical products in Japan was approximately $8.3 billion (US) in 1976, 
whereas only about $12.5 million (US) was spent on Kampo medicines. Thus in that 
year, Kampo medicines in the Japanese health care system amounted to only about 
0.15% of total pharmaceutical expenditures. In 1983, total pharmaceutical 
expenditures in Japan were valued at about $14.6 billion (US) and those for Kampo 
medicines increased to about $150 million (US). Hence, in 7 years, expenditures for 
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Kampo medicines in the Japanese health care system increased to about 1% of total 
pharmaceutical expenditures.[13] 
The EXIM bank of India, in its report (1997) has reported the value of medicinal 
plants related trade in India of the order of 5.5 billion US dollars and is growing 
rapidly. According to WHO, the International market of herbal products is estimated 
to be US $ 62 billion which is poised to grow to US $ 5 trillion by the year 2050. 
India’s share in the global export market of medicinal plants related trade is just 0.5%. 
In India, the herbal drug market is about $ one billion and the export of plant-based 
crude drugs is around $ 80 million.[42] Herbal medicines also find market as 
nutraceuticals (health foods) whose current market is estimated at about $ 80–250 
billion in USA.[43] 
Table 2.1: Sales of OTC herbal remedies in the European union - 1996 
The complete German commission monographs therapeutic guide to 
herbal medicines 
Nation Annual Retail Sales
in millions (US $) 
% Per capita 
Germany $ 3,500 50.0 $ 42.9 
France 1,800 25.7 31.2 
Italy 700 10.0 12.2 
United 
Kingdom 
400 5.7 6.9 
Spain 300 4.3 7.6 
Netherlands 100 1.4 6.4 
All others 130 2.9 4.5 
Total $7,000 100.0 $19.1 (mean) 
 
India is sitting on a gold mine of well-recorded and well-practiced knowledge of 
traditional herbal medicine. But, unlike China, India has not been able to capitalize on 
this herbal wealth by promoting its use in the developed world despite their renewed 
interest in herbal medicines. This can be achieved by judicious product identification 
based on diseases found in the developed world for which no medicine or only 
palliative therapy is available; such herbal medicines will find speedy access into 
those countries. Backward integration from market demands will pay rich dividends. 
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Strategically, India should enter through those plant-based medicines, which are 
already well accepted in Europe, USA and Japan. Simultaneously, it should identify 
those herbs (medicinal plants), which are time-tested and dispensed all over in India. 
One such herbal drug – Wheatgrass, has been traditionally used, since ancient times, 
to treat various diseases and disorders, in India.  
Wheat, (Triticum species) a cereal grass of the Gramineae (Poaceae) family, is the 
world's largest edible grain cereal-grass crop. Wheat has been a food crop for 
mankind since the beginning of agriculture. The wheat plant is an annual grass. In 
early growth stages the wheat plant consists of a much-compressed stem or crown and 
numerous narrowly linear or linear-lanceolate leaves. For over fifty years, researchers 
have known that the cereal plant, at this young green stage, is many times richer in the 
levels of vitamins, minerals and proteins as compared to seed kernel, or grain 
products of the mature cereal plant.[14] 
The young germinated plant is a factory of enzyme and growth activity. In the early 
stages of growth they store large amounts of vitamins and proteins in the young 
blades. After jointing stage, the nutritional level in the leaves drops rapidly while the 
fiber content increases rapidly. The jointing stage is that point at which the internodal 
tissue in the grass leaf begins to elongate, forming a stem. This stage represents the 
peak of the cereal plant's vegetative development.[15]  
Although over 30,000 varieties of wheat exist, they are of two major types:  bread 
wheat and durum wheat. In U. S. Dept. of Agriculture - Technical Bulletin 1287 has 
classified wheat into 10 species of Triticum. Six of these are cultivated and four are 
non-cultivated, or rarely so. Agriculturally, Important species of Triticum include – (I) 
Triticum aestivum (Common wheat, bread wheat, local varieties - Lok1, GW273) - 
Triticum aestivum comprises nearly 95 percent of the wheat grown. Its principal use is 
for flour. It is the most important variety for agriculture. (II) Triticum durum (Durum 
wheat, local variety Raj 1555) - Triticum durum is used mainly for the manufacture of 
semolina, which is made into macaroni, spaghetti and related products. It is next in 
importance to Triticum aestivum. (III) Triticum dicoccum (Emmer wheat, local variety 
DDK) - Triticum dicoccum is one of the most ancient of cultivated cereals. Emmer 
was formerly grown in the United States for feed on a limited acreage but now has 
substantially disappeared from cultivation. 
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Wheatgrass has been traditionally used, since ancient times, to treat various diseases 
and disorders. Presently, there are a number of wheatgrass suppliers, in almost all 
cities of India, supplying fresh wheatgrass, on daily basis to their regular customers 
by home-delivery system for various ailments and as health tonic. Dr. Ann Wigmore, 
U. S. A. founder director of the Hippocrates Health Institute, Boston, U.S.A. was one 
of the proponents of the ‘Wheatgrass Therapy'. Dr. Wigmore utilized the chlorophyll 
present in wheatgrass as body cleanser, rebuilder and neutralizer of toxins. She 
claimed that wheatgrass is a safe and effective treatment for ailments such as high 
blood pressure, some cancers, obesity, diabetes, gastritis, ulcers, anemia, asthma and 
eczema.[17] 
Some research workers have studied chlorophyll, one of the major ingredients present 
in wheatgrass. Chlorophyll is not so unique in its chemical structure. It is built around 
a porphyrin ring, which occurs in a variety of natural organic molecules. The most 
interesting group of molecules which contain porphyrin rings are those involved in 
cellular respiration, or the transportation and consumption of oxygen. These include 
hemoglobin, myoglobin, and the cytochromes. The chemical similarity between 
hemoglobin and chlorophyll was first suggested by Verdel in 1855.[18] One of the 
major differences between chlorophyll and hemin is that chlorophyll contains 
magnesium while the hemin molecule contains iron as its central atom. Owing to the 
close molecular resemblance between chlorophyll and hemoglobin, it was 
hypothesized that chlorophyll is nature's blood-building element for all herbivorous 
animals and humans. 
Some studies have indicated that feeding chlorophyll-rich foods to rats stimulates the 
regeneration of red blood cells.[19] Researchers were able to demonstrate that this 
effect was not due to the iron or copper in the green foods.[44] Hughes and Latner 
(1936) fed several doses and forms of chlorophyll to anemic rabbits and found that 
very small doses of purified chlorophyll or large doses of a crude chlorophyll extract 
produced a very favorable effect on hemoglobin regeneration.[45] They suggested that 
the chlorophyll is acting as a physiological stimulant of the bone marrow and is not 
really concerned with the actual chemistry of regeneration of the porphyrin.  
The deficiency of magnesium in serum or erythrocytes has also been reported in 
human β-thalassemia. These deficiencies may play a significant role in various 
cellular abnormalities characteristic of this disorder.[20] The iron-induced liver damage 
in thalassemia may play a major role in the depletion of lipid-soluble antioxidants like 
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vitamin A and vitamin E.[21] Degradation of chlorophyll following ingestion by 
humans produces several chlorophyll derivatives, of which pheophytin, pyro-
pheophytin, and pheophorbide have been under study for their potential medical 
benefits.[22] Pheophorbide-a showed antioxidant activity against lipid auto-
oxidation.  The extent of activity was comparable to that of ∝-tocopherol, a powerful 
and well-known antioxidant.[23-25] 
Traditionally, wheatgrass has been used as an adjunct in treatment of cancers. 
Wigmore (1985) suspected that wheatgrass is also useful as anticancer preparation by 
virtue of its several components like chlorophyll, P4D1 compound, abscisic acid and 
laetrile (vitamin B17).[17] According to Te et al., (1997) chlorophyllin, which is 
obtained by hydrolysis of chlorophyll to remove phytyl alcohol, is an efficient 
antimutagenic agent and has been used as a dietary supplement or to diminish the 
intensity of the discomforting side effects of cancer preventive therapy.[46] It is 
possible that chlorophyllin may have beneficial effects when used in combination 
with cancer preventive therapy. More recently, the cancer chemopreventive properties 
of chlorophylls have come to be recognized. Chlorophyll has been reported to exhibit 
anti-mutagenic activity in short-term genotoxicity assays.[26] Chlorophyll-rich plant 
extracts, as well as water solutions of a chlorophyll derivative (chlorophyllin), 
dramatically inhibit the carcinogenic effects of common dietary and environmental 
chemicals.[27-28] Using the standard Ames test, it has been shown that an extract of 
wheatgrass, when applied to known chemical mutagens (which cause cells to become 
cancerous), decreased their cancer-causing ability by up to 99 percent.[47] Later 
studies by the same investigators showed that several green vegetables provide anti-
mutagenic protection from a number of cancer causing chemicals.[48] This activity was 
found to be proportional to the amount of chlorophyll in the vegetables.[49] 
The human body needs a balance of nutrients such as vitamins, minerals and amino 
acids to carry out body functions. Nutritional diseases are diseases in humans that are 
directly or indirectly caused by a lack of essential nutrients in the diet. Nutritional 
diseases are commonly associated with chronic malnutrition.  Scientific reports on 
nutritional analysis of wheatgrass have been published frequently in various 
journals.[29-31] These reports and the chemical analyses undertaken reveal that 
wheatgrass is rich in chlorophyll, minerals like magnesium, selenium, zinc, 
chromium, antioxidants like beta-carotene (pro-vitamin A), vitamin E, vitamin C, 
antianemic factors like vitamin B12, iron, folic acid, pyridoxine and many other 
INTRODUCTION 
 
  Page 21 
 
minerals, amino acids and enzymes, which have significant nutritious and medicinal 
value. Hence, to evaluate usefulness of wheatgrass in nutritional deficiency disorders, 
we planned detailed analyses of wheatgrass for its vitamins, minerals and amino acid 
contents. 
Owing to long-standing and time-proven use of herbal drugs, along with higher safety 
margin, WHO has taken necessary, steps to ensure quality control with modern 
techniques and application of suitable standards for this purpose. The pharmacopoeias 
of different countries include monographs indicating quality parameters and standards 
for various herbal drugs and also for some of their products. For the purpose of 
quality control of herbal drugs, W.H.O. has prepared accordingly the guidelines. The 
objectives put forth are provisions for recommended general methods and also the 
general limits for contaminants for herbal drugs.[50] The medicinal plants contribute to 
cater 80% of the raw materials used in the preparation of drugs. The effectiveness of 
these drugs mainly depends upon the proper use and sustained availability of genuine 
raw materials. Hence, in order to entitle wheatgrass, the status of a standard herbal 
medicine for acceptance in global market, we standardized wheatgrass using HPTLC 
in this study. 
It has been recommended that the topical application of wheatgrass juice is useful for 
treatment of skin infections.[17] It has also been claimed that wheatgrass juice may 
have antibacterial activity. Chlorophyll limits the growth of many types of germs not 
by directly killing them, but by providing an environment, which interferes with their 
growth especially against anaerobic bacteria, those that do not require oxygen.[33] 
Chlorophyll solutions provide significant relief of pain, reduction of inflammation, 
and the control of odor for patients with serious mouth diseases.[34] Chlorophyll has 
also been used successfully to treat chronic and acute sinusitis, vaginal infections, and 
chronic rectal lesions.[35] Thus, in classic literature, wheatgrass has been claimed to 
possess anti inflammatory, analgesic and antibacterial properties. Since, all these 
three are major contributors in skin diseases; we attempted to investigate therapeutic 
benefits of wheatgrass in skin diseases, in this project.   
Stomach ulcers affect about 4 million Americans every year. More than 40,000 
Americans have surgery because of persistent symptoms or problems from ulcers 
every year. About 6,000 Americans die of stomach ulcer-related complications every 
year. Peptic ulcer, also known as PUD or peptic ulcer disease is an ulcer of an area of 
the gastrointestinal tract that is usually acidic and thus extremely painful. 80% of 
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ulcers are associated with Helicobacter pylori. Ulcers can also be caused or worsened 
by drugs such as Aspirin and other NSAIDs. Contrary to general belief, more peptic 
ulcers arise in the duodenum (first part of the small intestine, just after the stomach) 
than in the stomach. About 4% of stomach ulcers are caused by a malignant tumor, so 
multiple biopsies are needed to make sure. Duodenal ulcers are generally benign.  
Chlorophyll has been shown to be extremely effective in speeding the healing of 
peptic ulcers and wounds, which develop internally in the gastro-intestinal tract. 
Several studies document the use of chlorophyll in the treatment of ulcers resistant to 
more conventional therapies. The results are quite impressive. In the Offenkrantz 
study, 20 of the 27 patients with chronic ulcers were relieved of pain and other 
symptoms in 24 to 72 hours.[35] Since, wheatgrass is a rich source of chlorophyll and 
chlorophyll has been claimed to have beneficial effect in treatment of ulcer, we also 
decided to evaluate effectiveness of wheatgrass in ulcer.    
Wheatgrass has been traditionally used, since ancient times, to treat various diseases 
and disorders. Presently, there are a number of wheatgrass suppliers, in almost all 
cities of India, supply fresh wheatgrass, on daily basis to their regular customers by 
home-delivery system for various ailments and as health tonic. Fresh wheatgrass has 
been proposed to be used as a juice, which is prepared in a mixer/blender with 
addition of little water followed by filtration through a cloth.[36] To get fresh 
wheatgrass is difficult during travelling. Wheatgrass powders are available in market 
by many supplier, but this are not standardised and contains large amount of insoluble 
fibres, so increases the bulk of the powder and increases dose or dosing frequency. So 
it is inconvenient to the patients. In a chronic disease like thalassemia, the drug 
treatment is of long duration, may even be for years. In such a circumstances the 
factor of patient compliance becomes very important. Outcome of the therapy will 
largely depend upon regular supply (round the year and in all seasons) and 
acceptability of the drug by patient. As a pharmaceutical scientist, preparation of a 
suitable dosage form is prime area of research in the development of new drug 
formulations. In the present investigation we decided to prepare suitable formulation 
that is as effective as juice. For treatment of ulcer, we prepared vatis of wheatgrass 
extract, while for treatment of skin disease; a gel formulation was developed in this 
project.  
The major hindrance in the amalgamation of herbal medicine into modern medical 
practices is the lack of scientific and clinical data and better understanding of efficacy 
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and safety of herbal products. Potency of herbal product is significantly affected by 
environmental factors. To ensure the quality and safety of herbal products, 
standardization is of vital importance.[32] Also, for the purpose of quality control of 
herbal drugs, W.H.O. has prepared guidelines. The objectives put forth are provisions 
for recommended general methods and also the general limits for contaminants for 
herbal drugs. It is well known that the stability of components present in wheatgrass, 
like chlorophyll, beta-carotene, vitamin A, vitamin E, vitamin C etc. are adversely 
affected upon exposure to changes in air, light, humidity and temperature. Today, 
chromatographic methods HPLC, GC, HPTLC are used for identifying active 
constituents of medicinal herbs. These scientific procedures have brought revolution 
in the field of herbal medicine, particularly in case of single plant based formulations. 
The concept of standardization is rapidly catching up with herbal products based on 
active constituents. Hence, we also evaluated the potency of wheatgrass formulation, 
using UV spectra and HPTLC methods. 
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3. OBJECTIVES 
Objectives of the present project were: 
1. To carry out pharmacognostic study of different varieties of Triticum grass 
(Wheatgrass) using suitable analytical techniques. 
 
2. To analyze wheatgrass for its vitamins, minerals and amino acid contents. 
 
3. To characterize and develop scientific method for standardization of Triticum 
aestivum (Wheatgrass). 
 
4. To investigate therapeutic benefits of wheatgrass in skin diseases. 
 
5. To evaluate effectiveness of wheatgrass in ulcer. 
 
6. To prepare formulations of wheatgrass for oral and topical application.  
 
7. Standardization of wheatgrass formulations, using flamephotometry and 
HPTLC methods. 
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4. REVIEW OF LITERATURE 
Herbal medicine, also called botanical medicine or phytomedicine, refers to using a 
plant's seeds, berries, roots, leaves, bark, or flowers for medicinal purposes. 
Herbalism has a long tradition of use outside of conventional medicine. It is becoming 
more mainstream as improvements in analysis and quality control along with 
advances in clinical research show the value of herbal medicine in the treating and 
preventing disease. 
Herbal drugs constitute a major share of all the officially recognised systems of health 
in India viz. Ayurveda, Yoga, Unani, Siddha, Homeopathy and Naturopathy, except 
Allopathy. More than 70% of India‟s 1.1 billion population still use these non-
allopathic systems of medicine. Currently, there is no separate category of herbal 
drugs or dietary supplements, as per the Indian Drugs Act. However, there is a vast 
experiential-evidence base for many of the natural drugs. This offers immense 
opportunities for Observational Therapeutics and Reverse Pharmacology. Evidence-
based herbals are widely used in the diverse systems and manufactured, as per the 
pharmacopoeial guidelines, by a well-organised industry. Significant basic and 
clinical research has been carried out on the medicinal plants and their formulations, 
with the state-of-the-art methods in a number of Institutes/Universities.
[51]
 
The effectiveness of these drugs mainly depends upon the proper use and sustained 
availability of genuine raw materials. The domestic market of Indian Systems of 
Medicine and Homoeopathy is about Rs. 4000 crores (2000), which is expanding day 
by day. The Ayurved drug market alone is to the order of Rs. 3500 crores. Presently, 
India‟s export, from medicinal and herbal plants, is Rs. 3000 crores. India, with its 
diversified biodiversity has a tremendous potential and advantage in this emerging 
area.  
There are 9493 manufacturing units, 22,635 dispensaries and 1355 hospitals of the 
Indian Systems of Medicine. Approximately 800 species of medicinal plants are in 
active trade and still there is a gap of 40,000 metric tonnes in the demand and supply 
of medicinal plants.
[40] 
With a view to strengthen the medicinal plants sector all over 
the country as well as to conserve the wild stock, the NMPB was set-up by the 
Government of India on 24 November 2000.
[41] 
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India is one of the most important countries in the world in term of floristic diversity. 
About 54% of the country‟s land is under cultivation for food, ornamental and 
medicinal plant crops and approximately 19% area has varying degree of forest 
vegetation cover. India is the largest producer of medicinal herbs and approximately 
called the botanical garden of the world.
[2]
  
Medicinal plants are not only a major resource base for the traditional medicine & 
herbal industry but also provide livelihood and health security to a large segment of 
Indian population.  The domestic trade of the AYUSH industry is of the order of Rs. 
80 to 90 billion (1US$ = Rs.50).  The Indian medicinal plants and their products also 
account of exports in the range of Rs. 10 billion. According to WHO, Annual 
revenues in Western Europe reached US$ 5 billion in 2003-2004. In China, sales of 
products totaled US$ 14 billion in 2005. Herbal medicine revenue in Brazil was US$ 
160 million in 2007.
[6]
  
India is sitting on a gold mine of well-recorded and well-practiced knowledge of 
traditional herbal medicine. One such herbal drug - Wheatgrass, has been traditionally 
used, since ancient times, to treat various diseases and disorders, in India.  
Wheatgrass: 
Taxonomical details -   
    Kingdom Plantae – Plants  
    Subkingdom Tracheobionta – Vascular plants  
    Superdivision Spermatophyta – Seed plants  
    Division Magnoliophyta – Flowering plants  
    Class Liliopsida – Monocotyledons  
    Subclass Commelinidae  
    Order Cyperales  
    Family Poaceae – Grass family  
    Genus Triticum L. – wheat  
    Species            T. aestivum 
The Middle East is probably the area of origin, and wheat apparently spread 
throughout Europe not later than the Stone Age. Historians believe it has been 
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growing since Paleolithic times and cultivated for at least 6,000 years. Wheat now 
provides one-fifth of total developing country food supply, up from 15 % in the early 
1970s.  
In early growth stages the wheat plant consists of a much-compressed stem or crown 
and numerous narrowly linear or linear-lanceolate leaves. For over fifty years, 
researchers have known that the cereal plant, at this young green stage, is many times 
richer in the levels of vitamins, minerals and proteins as compared to seed kernel, or 
grain products of the mature cereal plant.
[14]
 The young germinated plant is a factory 
of enzyme and growth activity. Although over 30,000 varieties of wheat exist, they 
are of two major types: bread wheat and durum wheat. In U. S. Dept. of Agriculture- 
Technical Bulletin 1287 has classified wheat into 10 species of Triticum. Six of these 
are cultivated and four are non-cultivated, or rarely so. Agriculturally, important 
species of Triticum include -   
Triticum aestivum (Common wheat, bread wheat, local varieties - Lok1, GW273) - 
Triticum aestivum comprises nearly 95 percent of the wheat grown. Presently, there 
are a number of wheatgrass suppliers, in almost all cities of India, supply fresh 
wheatgrass, on daily basis to their regular customers by home-delivery system for 
various ailments and as health tonic. Ann Wigmore suggests, drinking wheatgrass 
juice in small amounts throughout the course of the day, always on an empty or nearly 
empty stomach. In general, two to four ounces every day or every other day is 
sufficient. The nutrient content of these grasses varies with their stage of growth and 
growing conditions, rather than with the species of cereal grass.
[52]
  
Wheat, a cereal grass of the Gramineae (Poaceae) family and of the genus Triticum 
and its edible grain, is the world's largest cereal-grass crop. It has been a food crop for 
mankind since the beginning of agriculture. The Middle East is probably the area of 
origin, and wheat apparently spread throughout Europe not later than the Stone Age.  
Wheatgrass can be traced back in history over 5000 years, to ancient Egypt and 
perhaps even early Mesopotamian civilizations. It is purported that ancient Egyptians 
found sacred the young leafy blades of wheat and prized them for their positive affect 
on their health and vitality.  
More recently, the consumption of wheatgrass in the Western world began in the 
1930s as a result of experiments by Charles F. Schnabel and his attempts to 
popularize the plant. Schnabel, an agricultural chemist, conducted his first 
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experiments with young grasses in 1930, when he used fresh cut grass in an attempt to 
nurse drying chickens back to health. The hens not only recovered, but they produced 
eggs at a higher rate than healthy hens. Encouraged by his results, he began drying 
and powdering grass for his family and neighbors to supplement their diets. The 
following year, Schnabel reproduced his experiment and achieved the same results. 
Hens consuming rations supplemented with grass doubled their egg production. 
Schnabel started promoting his discovery to feed mills, chemist and the food industry. 
Two large corporations, Quaker Oats and American Diaries Inc., invested millions of 
dollars in further research, development and production of products for animals and 
humans. By 1940, cans of Schnabel‟s powdered grass were on sale in major drug 
stores throughout the United States and Canada. Sometime during the 1940‟s a lady 
by the name of Ann Wigmore healed herself of cancer from the weeds she found in 
vacant lots in Boston. She began a study of natural healing modalities - and with the 
help of a friend, Dr. Earp Thomas, she found that there are 4700 varieties of grass in 
the world and all are good for man.
[53]
 
Historians believe it has been growing since Paleolithic times and cultivated for at 
least 6,000 years. Its status as a staple is second only to rice. One reason for its 
popularity is that, unlike other cereals, wheat contains a high amount of gluten, the 
protein that provides the elasticity necessary for excellent bread making. Although 
over 30,000 varieties of wheat exist, the two major types are bread wheat and durum 
wheat. Global production of wheat is approximately 600 million tons; with 
international trade approximately 100 million tons annually. Wheat is Asia's second 
most important staple and has been growing much faster than rice. Wheat now 
provides one-fifth of total developing country food supply, up from 15 % in the early 
1970s. In 1992-94, developing countries accounted for 45 % of world wheat 
production (551 million tons) and 46 % of world wheat area (219 million hactor). 
"India is gaining internationally in the wheat production," S S Singh, Project Director 
of Directorate of Wheat Research (DWR) said.  DWR is a Karnal-based institute 
affiliated to the Indian Council for Agricultural Research (ICAR). 
Backed by good monsoon, India, the second largest producer of wheat in the world, is 
tipped to harvest a record 84.27 million tonnes of wheat in 2011, according to the 
Agriculture Ministry's third estimates. Wheat output in India was 80.7 million tonnes 
in 2009 which rose to 80.8 million tonnes in 2010. The country is set to harvest a 
record 84.27 million tonnes of chief rabi produce in 2011.
[54]
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The following international wheat production statistics come from International 
Grains Council figures from the report "Grain Market Report." The quantities of 
wheat in the following table are in million metric tons. 
Table 4.1: International wheat production statistics 
Country 20
09 
20
08 
20
07 
20
06 
20
05  
20
04 
20
03 
20
02 
20
01 
20
00 
19
99 
19
98 
19
97 
19
96 
EU 13
8.7 
15
0.3 
12
0.1 
12
6.7 
13
5.4 
14
9.4 
11
1.7 
13
3.6 
12
6.6 
13
2.4 
12
3.1 
13
4.1 
12
6.4 
12
4.3 
China 11
5.0 
11
2.5 
10
9.9 
10
4.5 
96.
3 
91.
6 
86.
5 
90.
3 
93.
9 
99.
7 
11
3.9 
10
9.7 
12
3.3 
11
0.6 
India 80.
7 
78.
6 
74.
9 
69.
4 
72.
0 
72.
1 
65.
1 
72.
8 
69.
7 
76.
4 
70.
8 
65.
9 
69.
4 
62.
6 
Russia 61.
7 
63.
7 
49.
4 
45.
0 
47.
6 
45.
4 
34.
1 
50.
6 
47.
0 
34.
5 
31.
0 
27.
0 
44.
3 
34.
9 
United 
States 
60.
3 
68.
0 
53.
6 
57.
3 
57.
1 
58.
7 
63.
8 
44.
1 
53.
3 
60.
8 
62.
7 
69.
4 
67.
5 
62.
0 
France 38.
3 
39.
0 
33.
2 
35.
4 
36.
9 
39.
7 
30.
5 
38.
9 
31.
5 
37.
5 
37.
2 
39.
8 
33.
9 
35.
9 
Canada 26.
5 
28.
6 
20.
6 
27.
3 
25.
6 
25.
9 
23.
6 
16.
2 
20.
6 
26.
8 
26.
9 
24.
1 
24.
3 
29.
8 
Germany 25.
2 
26.
0 
21.
4 
22.
4 
23.
6 
25.
4 
19.
3 
20.
8 
22.
8 
21.
6 
19.
6 
20.
2 
19.
8 
18.
9 
 Pakistan 24.
0 
21.
0 
23.
5 
21.
3 
21.
6 
19.
5 
19.
2 
18.
2 
19.
0 
21.
1 
17.
9 
18.
7 
16.
7 
16.
9 
 Australia 21.
7 
21.
4 
13.
0 
10.
8 
25.
1 
21.
9 
26.
1 
10.
1 
24.
3 
18.
5 
24.
1 
22.
1 
19.
4 
23.
7 
 Ukraine 20.
9 
25.
9 
13.
8 
14.
0 
18.
7 
17.
5 
6.9 20.
6 
21.
4 
10.
2 
13.
6 
14.
9 
18.
4 
13.
5 
 Turkey 20.
6 
17.
8 
17.
7 
20.
0 
21.
0 
21.
0 
19.
0 
19.
5 
19.
0 
17.
5 
16.
5 
18.
5 
16.
2 
16.
2 
Kazakhsta
n 
17.
0 
12.
6 
16.
5 
13.
5 
11.
1 
9.9 11.
5 
12.
7 
12.
7 
9.1 11.
2 
4.8 8.7 8.0 
U.K. 14.
4 
17.
2 
13.
4 
14.
7 
15.
0 
15.
5 
14.
3 
16.
0 
11.
6 
16.
8 
14.
9 
15.
5 
15.
1 
16.
1 
Iran 13.
5 
8.0 15.
9 
14.
5 
14.
5 
14.
0 
13.
4 
12.
5 
9.5 7.0 8.0 11.
0 
10.
2 
8.8 
Poland 9.8 9.3 8.4 7.1 8.6 9.9 7.9 9.3 9.3 8.5 9.1 9.5 8.2 8.6 
 Egypt 8.5 8.0 7.4 8.3 8.1 7.2 6.8 6.6 6.3 6.6 6.3 6.0 5.8 5.7 
Argentina 7.5 8.5 16.
5 
14.
0 
16.
0 
14.
6 
14.
5 
12.
3 
15.
4 
16.
5 
15.
7 
11.
5 
14.
8 
15.
9 
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Uzbekista
n 
6.6 6.1 6.0 5.8 5.4 5.4 5.0 3.7 3.5 3.6 3.6 3.0 2.7  
 Italy 6.3 8.9 7.3 7.1 7.5 8.6 6.2 7.6 6.5 6.9 7.3 8.1 6.8 8.3 
Denmark 6.0 5.0 4.5 4.8 4.8 4.8 4.7 4.1 4.7 4.7 4.5 5.0 5.0 4.8 
Romania 5.2 7.2 2.9 5.5 7.0 7.8 2.5 4.4 7.8 4.4 4.4 5.0 6.6 3.1 
Afghanista
n 
5.0 2.6 4.5 3.2 4.3 2.3 3.5 2.7 1.6 1.5 2.5 2.8 2.7 2.3 
Brazil 5.0 6.0 4.1 2.5 5.2 5.7 6.2 3.1 3.4 1.7 2.5 2.3 2.5 3.3 
Spain 4.8 6.7 6.4 5.6 3.8 7.1 6.3 6.8 5.0 7.3 4.9 5.3 4.6 6.0 
Hungary 4.4 5.6 4.0 4.4 5.0 6.0 2.9 3.9 5.2 3.7 2.6 4.9 5.3 3.9 
Czech 
Republic 
4.3 4.6 4.0 3.5 4.5 5.0 2.6 3.9 4.5 4.1 4.0 3.8 3.6 3.7 
Mexico 4.1 4.0 3.5 3.3 3.0 2.9 2.8 3.2 3.3 3.3 3.1 3.2 3.6 3.4 
 Bulgaria 4.0 4.6 2.4 3.3 3.5 4.0 2.0 4.1 4.1 3.3 3.2 3.3 3.6 1.8 
 Syria 3.7 2.1 4.0 4.7 4.7 4.5 4.9 4.8 4.7 2.7 2.6 4.1 3.0 4.1 
 Algeria 3.0 1.1 2.3 2.7 2.4 2.7 3.0 1.5 2.0 0.8 1.5 2.3 0.7 3.0 
 Ethiopia 2.5 2.5 2.2 2.8 1.7 1.6 1.4 1.5 1.6 2.5 2.1 1.5 2.0 1.6 
 Sweden 2.3 2.2 2.3 2.0 2.2 2.4 2.3 2.1 2.4 2.4 1.7 2.2 2.1 2.0 
Lithuania 2.1 1.7 1.4 0.8 1.4 1.4 1.2 1.2 1.1 1.2 0.9 1.0 1.1 0.9 
Azerbaijan 2.1 1.6 1.3 1.5 1.5 1.6 1.5 1.7 1.5 1.2 0.8 0.8 0.9 0.8 
 Serbia 2.1 2.1 1.9 2.7 2.8 1.4 2.3 2.5 2.3 2.1 2.9 3.1 1.5  
 Belarus 2.0 2.0 1.4 1.1 1.2 1.1 0.8 1.0 0.9 1.0 0.7 0.8 0.7 0.6 
Belgium 2.0 1.9 1.6 1.7 1.8 1.9 1.6 1.7 1.5 1.7     
South 
Africa 
2.0 2.1 1.9 2.0 1.7 1.6 2.4 2.5 2.4 1.7 1.7 2.5 2.7  
Morocco  3.8 6.3 3.0 5.5 5.7 3.4 3.3 1.4 2.2 4.4 2.3 5.9  
Turkmenist
an 
 2.7 2.7 3.3 2.8 2.6 2.5 2.3 1.8 1.7 1.5 1.2 0.7 0.5 
Saudi 
Arabia 
 2.0 2.6 2.4 2.6 2.8 2.5 2.4 2.1 1.8 2.0 1.7 1.8 1.2 
Other >2              
World 
Total 
68
1.9 
68
3.4 
60
7.0 
60
5.9 
62
8.7 
63
3.3 
56
0.3 
57
4.7 
58
9.7 
58
6.1 
58
7.7 
59
3.6 
61
3.4 
58
5.4 
 
The wheat plant is an annual grass. It is mainly grown as a winter annual in milder 
climates, with seeding in the fall and harvest from June through August depending on 
the length of the winter. In areas with rigorous winter climates it is mainly spring 
seeded. Planting is as early as soil can be worked, and harvest is in late summer and 
early fall. In early growth stages the wheat plant consists of a much-compressed stem 
or crown and numerous narrowly linear or linear-lanceolate leaves. Leaves are mainly 
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near glabrous. Buds in the leaf axils below the soil surface grow into lateral branches 
termed tillers. From both the main crown and the tillers, elongated stems develop later 
and terminate in a spike or head in which the flowers, and finally the seed or grain, 
develop. Stems of wheat reach from 18 inches to 4 or more feet in height depending 
on kind and growing conditions.  
 
Macroscopy (Triticum aestivum): 
Triticum aestivum is a bisexual plant with bisexual spikelets and hermaphrodite 
florets. Culm nodes are hairy, or glabrous. Culm internodes are solid, or hollow. 
Leaves are auriculate with blades narrowly to broadly linear. Leaves are 2-20 mm 
wide, flat, without cross venation and persistent. Inflorescence is a single elongated 
spike. Rachides are hollow. Spikelets are solitary; distichous and sessile. Female-
fertile spikelets are 9-16 mm long, laterally compressed and disarticulating above the 
glumes. Rachilla are prolonged beyond the uppermost female-fertile floret. The 
rachilla extension is incomplete florets. Hairy callus is absent. Callus is very short and 
blunt. Glumes are two and more or less equal in size. They are shorter than the 
adjacent lemmas and lateral to the rachis; without conspicuous tufts or rows of hairs. 
Lower glume is 5-11 nerved. Upper glume is 5-11 nerved. Spikelets are usually with 
incomplete florets. The incomplete florets are distal to the female-fertile florets. The 
distal incomplete florets are usually 1, or 2 in number. Female-fertile florets have 
lemmas similar in texture to the glumes. Awns when present are much shorter than 
the body of the lemma or much longer than the body of the lemma. Lemmas are hairy 
or hairless but scabrid. Palea is present and is relatively long, entire or apically 
notched. Palea keels are somewhat winged. Lodicules are membranous and ciliate. 3 
stamens are present. Anthers are not penicillate with 2-4.5 mm length. Ovary is hairy. 
Styles are free to their bases. Stigmas are 2 in number and white in color. Fruit is free 
from both lemma and palea. It is medium sized or large i.e. up to 11 mm long, 
ellipsoid, longitudinally grooved, compressed dorsiventrally and with hairs confined 
to a terminal tuft. Hilum is long and linear. Embryo is large to small. Endosperm is 
hard; without lipid and contains only simple starch grains. Embryonic leaf margins 
are meeting. Seedling has a short mesocotyl and a tight coleoptile. First seedling leaf 
has a well-developed lamina. The lamina is narrow and erect.  
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Microscopy (Triticum aestivum):  
Leaf-blade epidermis has conspicuous costal zonation. Papillae are absent. There are 
long-cells of similar wall thickness. Mid-intercostal long-cells are rectangular and 
fusiform, having markedly sinuous walls. Micro-hairs are absent. Stomata are 
common with 63-69 microns length. Subsidiaries are parallel-sided or dome-shaped. 
Guard cells are overlapped by the interstomatals. Intercostal short-cells are common 
(e.g. T. polonicum) or absent or very rare. Crown cells are present. Costal zones have 
short cells. Costal short-cells are predominantly (T. polonicum) or neither distinctly 
grouped into long rows nor predominantly paired. Costal silica bodies are horizontally 
elongated paired.  
Transverse section of leaf blade shows parenchymatous cells without a suberised 
lamella. Mesophyll has non-radiate chlorenchyma. Leaf blade has distinct and 
prominent abaxial ribs of more or less constant size. Midrib is conspicuous with one 
bundle only or has a conventional arc of bundles. The lamina is symmetrical on either 
side of the midrib. Bulliform cells are present in discrete and regular abaxial groups in 
the furrows. Many of the smallest vascular bundles are unaccompanied by 
sclerenchyma. Combined sclerenchyma girders are present (rarely) or are absent. 
Sclerenchyma is all associated with vascular bundles.  
 
Different species of wheat:   
Wheat species differ from one another both morphologically and genetically. Triticum 
species can be placed in three groups, according to whether their body cells contain 
14, 28 or 42 chromosomes. The basic haploid number being 7, these groups are 
described as Diploid, Tetraploid and Hexaploid respectively. Diploid species include 
T. boeoticum (Wild Eincorn - most ancient variety of wheat) and T. monococcum 
(Eincorn). T. boeoticum was growing in Southwestern Asia before the advent of 
agriculture. T. monococcum is now grown to a limited extent in the mountainous 
region of Yugoslavia, Asia Minor and North Africa. Diploid species can be readily 
crossed to yield Tetraploid group. Tetraploid species include T. dicoccum (Emmer 
wheat, local variety-DDK) and T. durum (Durum wheat or Macaroni wheat, local 
varieties - Bansi, Kathia, Khandwa, Raj 1555). T. dicoccum is one of the most ancient 
of cultivated cereals. It was formerly grown in the United States for feed on a limited 
acreage but now has substantially disappeared from cultivation. It is grown to a 
limited extent in the nilgiri hills and the neighboring areas and is preferred for the 
preparation of suji or rawa. T. durum, next important species to T. aestivum, is used 
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mainly for the manufacture of semolina which is made into macaroni, spaghetti and 
related products. Although high in gluten, T. durum is not good for baking. Instead, it 
is often ground into semolina, the basis for excellent pasta, such as spaghetti and 
macaroni. It is grown to a considerable extent in parts of Gujarat and central 
peninsular India. It is preferred for preparation of vermicelli or sewian. When crossed 
with Diploid species, Tetraploid species yield Hexaploid group. Hexaploid species 
include T. aestivum (common wheat, bread wheat, local varieties - Sharbati, Lal 
kanak, Lok1, GW 273). T. aestivum is the most evolved and widely cultivated of all 
wheat species. It is high in protein (10-17 %) and yields flour rich in gluten, making it 
particularly suitable for yeast breads. It is also preferred for the preparation of 
biscuits, cake and pastry manufacture. In India, T. aestivum is the most widely grown 
wheat species. 
The principal cultivated grasses are the cereal grains-wheat, rice, corn, barley, oats, 
rye and millet.
[55] 
Various researchers have known that the cereal plant, at this young 
green stage, contains many times the level of vitamins, minerals and proteins found in 
the seed kernel, or grain product of the mature cereal plant. The nutrient content of 
these grasses varies with their stage of growth and growing conditions, rather than 
with the species of cereal grass.
[52]
 The young germinated plant is a factory of enzyme 
and growth activity. In the early stages of growth they store large amounts of vitamins 
and proteins in the young blades. After jointing, the nutritional level in the leaves 
drops rapidly while the fiber content increases rapidly. The jointing stage is that point 
at which the internodal tissue in the grass leaf begins to elongate, forming a stem. 
This stage represents the peak of the cereal plant's vegetative development;
[56]
 factors 
involved in photosynthesis and plant metabolism would be expected to increase up to 
this stage. Sucrose, the simple carbohydrate found in table sugar, is the primary 
molecule from which all organic (carbon containing) molecules are formed in the 
plant.
[57]
 At the appropriate times and rates, sucrose is converted into amino acids 
(which make up all proteins), complex carbohydrates, lipids (fats), and nucleic acids 
(DNA and RNA). The degree of conversion of sugars to specific complex nutrients is 
dependent on the activity levels of specific enzymes in the plant. Enzyme activity 
levels are dependent on the plant's growth stage. Chlorophyll, protein, and most of the 
vitamins found in cereal grasses reach their peak concentrations in the period just 
prior to the jointing stage of the green plant. Although this period lasts for only a few 
days, cereal grasses which are consumed, as food supplements should be harvested 
precisely during this stage of the wheat or barley plant's development. After the 
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jointing stage, the stem forms branches and continues to elongate. The chlorophyll, 
protein, and vitamin contents of the plant decline sharply as the level of cellulose 
increases. Cellulose, the indigestible plant fiber, provides structural stability for the 
growing stem.  
 
Exogenous antioxidants (antioxidants present in wheatgrass):  
Beta-carotene:  
Excited-state derivatives such as singlet oxygen and the excited triplet (diradical) 
states of other molecules may be quenched by interactions with conjugated diene 
systems such as those found in carotenes,
[58]
 tocopherols or the melanins.
[59]
 Vitamin 
A, itself, can pose a hazard to human health and even the risk of birth defects when 
taken in excess. Its precursor, -carotene, can be taken in virtually any quantity 
without harmful effect. At the same time it provides the body with a store of the raw 
material from which it produces vitamin A naturally according to needs. -carotene 
has been positively linked to increased protection against many forms of cancer, 
including lung, bladder, rectal, oral and dermal (skin) cancers. 
Vitamin C: 
Vitamin C acts synergistically with vitamin E and assists not only in the prevention of 
the formation of arterial cholesterol plaque but also, in sufficient quantities, has been 
shown to actually assist in the chelation ("dissolving") of existing cholesterol plaque 
thereby help in clearing occluded (blocked) arteries, particularly the coronary artery. 
Vitamin C is also specifically known to assist in the prevention of many forms of 
cancer, including pancreatic, rectal, cervical, esophageal and oral cancer. It is also a 
powerful free radical scavenger and thereby helps in cleaning up the residues of 
cigarette smoke and other forms of air pollution 
Vitamin E: 
As well as the primary defenses (scavenger enzymes and metal-ion sequestration), 
secondary defenses are also present. The cell membranes and plasma lipoproteins 
contain -tocopherol, a lipid-soluble molecule that functions as a chain-breaking 
antioxidant. Attached to the hydrophobic structure of -tocopherol is an -OH group, 
whose hydrogen atom is easily removed. Hence, peroxyl and alkoxyl radicals 
generated during lipid peroxidation preferentially combine with the antioxidant, 
instead of with an adjacent fatty acid side chain. This therefore terminates the chain 
reaction. It also converts the -tocopherol into a new radical, tocopherol-O, which is 
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poorly reactive and unable to attack adjacent fatty acid side chains, consequently 
stopping the chain reaction. Evidence exists
[60-61]
 that the tocopherol radical can 
migrate to the membrane surface and reconvert to -tocopherol by reaction with 
ascorbic acid (vitamin C). Both vitamin C and -tocopherol seem to minimize the 
consequences of lipid peroxidation in lipoproteins and in membranes, should this 
process begin.
[61]
 -tocopherol is the most effective lipid-soluble chain-breaking 
antioxidant in vivo in humans.
[62]
 The content of -tocopherol in circulating low-
density lipoproteins helps to determine their resistance to lipid peroxidation and thus 
may affect the development of atherosclerosis, a disease in which lipid peroxidation is 
involved.
[63]
 Low plasma levels of -tocopherol and vitamin C correlate with an 
increased incidence of myocardial infarction and of some forms of cancer.
[63]
 Vitamin 
E is present in small quantities in many foods but its uptake is all too often inhibited 
by low-fat or no-fat diets as fats or oils are the essential carriers of vitamin E without 
which absorption or uptake of this, the most powerful of the antioxidant vitamins, is 
severely restricted. Vitamin E is known to fight infection, promote healing and to 
assist in the prevention of lung and gastro-intestinal (including bowel) cancer. It 
achieves this by again preventing free radicals from entering cells where nuclear and 
DNA damage would otherwise ensue. 
Wheatgrass is rich in chlorophyll, magnesium, Iron, selenium, zinc, chromium, and 
antioxidant vitamins like vitamins A, E, C, B12, folic acid, pyridoxine, host of other 
minerals and amino acids, that have significant nutritious and medicinal value. Since 
deformation of RBC, caused by oxidation of excess α-chains, is the main causative 
factor for hemolysis and therefore, increased frequency of repeated blood transfusions 
in thalassemia; antioxidants and magnesium present in wheatgrass may reduce the 
need of such repeated transfusions. 
Significance of chlorophyll in health and disease -  
The most important light-absorbing pigments, in the thyllakoid membrane of a plant 
leaf, are the chlorophylls, green pigments with polycyclic, planar structures 
resembling the protoporphyrin of hemoglobin, except that Mg
+2
, not Fe
+2
, occupies 
the central position. The four inward oriented nitrogen atoms of chlorophyll are 
coordinated with the Mg
+2
. The heterocyclic five-ring system that surrounds the Mg
+2
 
has an extended polyene structure, with alternating single and double bonds. Such 
polyenes, characteristically show, strong absorption in the visible region of spectrum; 
the chlorophylls exhibit high molar absorption coefficients and are therefore well 
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suited for absorbing visible light during photosynthesis. Chloroplasts of higher plants 
always contain two types of chlorophyll. One is invariably chlorophyll a, and the 
second in many species is chlorophyll b, which has an aldehyde group instead of a 
methyl group attached to ring II. Although both are green, their absorption spectra are 
slightly different, allowing the two pigments to complement each other‟s range of 
light absorption in visible region. Most higher plants contain about twice as much 
chlorophyll a as chlorophyll b. Chlorophyll itself is not a single molecule but a family 
of related molecules, designated chlorophyll a, b, c, and d.  Chlorophyll d is found 
only in marine red algae, but chlorophylls b and c are common in fresh water. 
Chlorophyll a and chlorophyll b can be separated by shaking a light petroleum 
solution of chlorophyll with aqueous methanol: chlorophyll-a remains in the light 
petroleum but chlorophyll b is transferred into the aqueous methanol. Cholorophyll a 
is a bluish-green solid and cholorophyll b is a dark green solid, both giving a green 
solution in organic solutions. In natural chlorophyll there is a ratio of 3 to 1 (of a to b) 
of the two components. In addition to chlorophylls, the thyllakoid membranes 
secondary light absorbing pigments, together called the accessory pigments, the 
carotenoids and phycobilins. Carotenoids may be yellow, red or purple. The most 
important are beta-carotene, a red-orange isoprenoid compound that is the precursor 
of vitamin A in animals, and the yellow carotenoid, xanthophyll. The carotenoid 
pigments absorb light at wavelengths other than those absorbed by chlorophylls and 
thus are supplementary light receptors. Phycobilins are linear tetrapyrroles that have 
the extended polyenes system found in chlorophylls, but not their cyclic structure or 
central Mg
+2
. Examples are phycoerythrin and phycocynin.   
All the above-mentioned pigments allow plants to absorb energy from visible light. In 
addition to this, chlorophyll has been reported to be useful in several clinical 
conditions. Possibly, the presence of magnesium offers wide range of therapeutically 
useful effects.   
Degradation of chlorophyll following ingestion by humans produces several 
chlorophyll derivatives, of which, pheophytin, pyro-pheophytin, and pheophorbide 
have been under study for their potential medical benefits.
[22]
 Magnesium is rather 
easily displaced from the molecule of chlorophyll, when it is heated in the presence of 
organic acids. Treatment of chlorophyll-a, with acid removes the magnesium ion 
replacing it with two hydrogen atoms giving an olive-brown solid, pheophytin-a. 
Pheophytins are much more stable than naturally occurring chlorophyll. Hydrolysis of 
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pheophytin-a splits off phytol and gives pheophorbide-a. Similar compounds are 
obtained if chlorophyll b is used. Removal of the phytyl group from the molecule of 
chlorophyll is catalyzed by the enzyme chlorophyllase, found in some vegetables. 
Hydrolysis of the ester linkage yields a compound, known as a chlorophyllide, which 
is water-soluble. Further degradation of chlorophyllide produces pheophorbide. Thus, 
when a chlorophyll molecule breaks down, a number of distinct pheophytins, 
chlorophyllides, and pheophorbides will be produced, depending on the parent 
molecule. Chlorophyll can also be reacted with a base, which yields a series of 
phyllins, magnesium porphyrin compounds. Treatment of phyllins with acid gives 
porphyrins. Numerous studies have shown that chlorophyll and Cu-chlorophyllin, a 
water-soluble chlorophyll derivative, possess antimutagenic activities. Little 
information about the absorption and metabolism of these compounds by humans is 
available. In vitro digestion has been used to access the relative bioavailability of 
numerous minerals and nutrients from different food matrices. The general consensus 
among researchers was that chlorophyll molecules were too large to be absorbed by 
the body.  But in recent studies, chlorophylls potential as a health promoter has taken 
a leap forward.
[22]
 In the study, artificial digestion system, known as the Coupled In 
Vitro Digestion and Caco-2 Human Cell Model, showed that absorptive cells lining 
the small intestine actually do uptake pheophytins chlorophyll derivatives such as 
pheophytins, pyropheophytins and chlorophyllins formed during digestion of spinach 
puree. 
  
Use of chlorophyll: 
In this century medical scientists have found chlorophyll to be effective in the general 
fields of detoxification, deodorization, in ulcer and the healing of wounds. 
Researchers observed a side benefit when chlorophyll was used to treat peptic ulcers. 
Chlorophyll tended to "promote regularity" in the patients studied.
[35]
 According to 
several investigators, chlorophyll did not act simply to stimulate bowel activity, as 
does a laxative. Rather, it promoted bowel regularity, stimulating bowel action only 
when that action was sluggish. The same effect was noted in a 1980 study of the use 
of chlorophyllin (a water-soluble chlorophyll derivative) to reduce body and fecal 
odors in a geriatric nursing care facility.
[64]
 It was found that chlorophyll reduced 
offensive odors, as anticipated, but also that it promoted regular bowel movements in 
these patients. Chlorophyll use also reduced the amount of intestinal gas experienced 
by the patients. And, as chlorophyll has no toxic side effects, the "gratifyingly good 
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results" obtained made it preferable to the use of "drastic laxatives". Today, patients 
to deodorize the surfaces and contents of colostomies routinely use chlorophyll 
tablets. Chlorophyll is also administered to incontinent patients to reduce odors in 
health care facilities.
[64]
 Topical chlorophyll ointments and solutions for healing and 
deodorizing wounds are still available, as are chlorophyll-containing toothpastes and 
chewing gums.  
Green plants are still used as healing agents by traditional health practitioners 
throughout the world. But chlorophyll is used in a rather limited way in our modern 
medical system. The enthusiasm with which chlorophyll was once studied subsided 
with the development of antibiotics and steroid drugs. Dr. S. A. Chernomosky, in a 
1988 review article in the New Jersey Medical Journal, states that the treatment of 
patients with slow-healing wounds is still problematic, and that the increased use of 
chlorophyll compounds may offer a useful alternative in this area.
[65]
 
Chlorophyll has found diverse applications in both medicine and industry.
[66]
 In 
response to recent concerns over the safety of chemical additives used as food 
colorants, the food industry has witnessed a renewed interest in using plant pigments 
as natural colorants. Chlorophyll, produced mainly from grasses, is one of the top four 
pigments used in the food industry for the coloring of food and drink.
[66-
67]
 Chlorophyllin is the man-made sodium, iron, or copper salt of chlorophyll in which 
the central magnesium ion of chlorophyll is replaced by the metal ion.  In Japan, 
chlorophyllin is used as a food additive for coloration.
[68]
 Several in vivo experiments 
and animal experiments show chlorophyll to be safe.
[69-70]
 Not just low toxicity, NO 
toxicity-whether ingested, injected or rubbed onto a surface.
[71]
 In medicine, 
chlorophyll has attracted great interest as a fundamental component of a healthy diet 
and as a potential therapeutic agent.
[68-70]
  
Dr. Ann Wigmore, U. S. A. founder director of the Hippocrates Health Institute, 
Boston, U.S.A. claimed that wheatgrass is a safe and effective treatment for ailments 
such as high blood pressure, some cancers, obesity, diabetes, gastritis, ulcers, anemia, 
asthma and eczema.
[17]
 
 
4.2 Nutritional analysis of wheatgrass:  
Scientific reports on nutritional analysis of wheatgrass have been published frequently 
in various journals.
[29-31]
 These reports and the chemical analyses undertaken reveal 
that wheatgrass is rich in chlorophyll, minerals like magnesium, selenium, zinc, 
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chromium, antioxidants like beta-carotene (provitamin A), vitamin E, vitamin C, 
antianemic factors like vitamin B12, iron, folic acid, pyridoxine and many other 
minerals, amino acids and enzymes, which have significant nutritious and medicinal 
value. 
Table 4.2: Nutritional analysis of wheatgrass by pines international, Inc. 2004 
Nutrient Amount Nutrient Amount 
Calories 13 Protein 860 mg 
Calories from fat 0 Dietary Fiber 1 g 
Cholesterol 0 Chlorophyll 18.5 mg 
Carbohydrates 1.6 g   
VITAMINS 
Biotin 4 g Vitamin B5 (Pantothenic 
Acid) 
36 g 
Choline 5 mg Vitamin B6 (Pyridoxine) 39 g 
Lutein 1 mg Vitamin B8 (Folic Acid) 21 g 
Vitamin A 
(Betacarotene) 
1668 IU Vitamin B12 
(Cobalamin) 
0.05 g 
Lycopene 29 g Vitamin C 7.5 mg 
Vitamin B1 (Thiamine) 11 g Vitamin E 320 g 
Vitamin B2 (Riboflavin) 260 g Vitamin K 35 g 
Vitamin B3 (Niacin) 252 g Zeaxanthin 279 v 
MINERALS 
Calcium 15 mg Phosphorus 14 mg 
Cobalt 1.7 g Potassium 137 mg 
Copper 17 g Selenium 3.5 g 
Iodine 8 g Sodium 1 mg 
Iron 870 g Sulfur 10.5 mg 
Magnesium 3.9 mg Zinc 62 g 
Manganese 240 g   
AMINO ACID PROFILE  
Alanine 69 mg Lysine 38 mg 
Arginine 66 mg Methionine 18 mg 
Aspartic Acid 50 mg Phenylalanine 36 mg 
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Cystine 11 mg Proline 46 mg 
Glutamic Acid 76 mg Serine 31 mg 
Glycine 49 mg Threonine 42 mg 
Histidine 18 mg Tryptophan 6 mg 
Isoleucine 35 mg Tyrosine 33 mg 
Leucine 72 mg Valine 48 mg 
  
Table 4.3: Nutritional analysis of wheatgrass (By Optimum Health Institute) # 
Protein,                                     1.959 Calories,                                  21.0 Cal 
Carbohydrates total                  2.09 Moisture,                                959 
Ash,                                          0.0489; Magnesium,                            24 mg;  
Selenium,                                 <1 ppm;  Sodium,                                  10.3 mg; 
Zinc,                                         0.33 g;  Phosphorus,                            75.2 g; 
 Calcium,                                  24.2 mg;  Iron,                                        61 mg; 
Vitamin B1                               08 mg,                                                   Vitamin B2,    0.13 mg; 
Vitamin B3,                              0.11 mg;  Vitamin B5,                            6.0 mg; 
Vitamin C,                               3.65 mg;  Vitamin B12,                           <1 g;  
 Folic Acid,                              29 g; Vitamin E,                              15.2 IU; 
Dietary Fiber (total)                 0.1 g;  Biotin,                                    10 g; 
Chlorophyll                             42.2 mg;   Lecithin,food                         0.03 g;  
L-Arginine,                             135 mg. Choline,                                  92.4 mg;  
Aspartic Acid,                         260 mg;   
#All above constituents are present in 100 g juice. Data based on scientific laboratory 
analysis by Irvine Analytical Laboratories Inc., Irvine, CA, USA 
Table 4.4: Major ingredients in sweet wheatgrass juice powder 
Main ingredients Content % Main ingredients Content % 
Carbohydrates                         23.5 Fat  3.7 
Moisture                               0 Protein  46.7 
Ash (Minerals) 26.1   
Mineral & trace minerals mg/g 
Boron                                   .0055 Calcium  4.9 
Chloride                                 .49 Chromium  .0012 
Cobalt                                   <0.0005 Copper  .027 
Fluoride                                .0065 Germanium  <.011 
Iodine                                    <0.0005 Iron  .051 
Magnesium                              4.4 Manganese  .026 
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Molybdenum                           <0.0005 Nickel  <0.0005 
Phosphorous                        29 Potassium  2.8 
Selenium                             <0.0005 Sodium  .11 
Silicon                                      .16 Titanium  <0.0005 
Tin                                        <0.0005 Zinc  .066 
Vanadium                              <0.0005   
Vitamins mg/g 
Biotin  .00011 Choline  .0011 
Cyanocobalamin (B12 ) .00001 Folic Acid  .0012 
Inositol  <0.011 Niacin (B3 ) .09 
Panotothenic Acid  .0196 Pyridoxine HCL(B6)  .0065 
Riboflavin  .0031 Thiamin (B1)  .0098 
Vitamin A (Retinol)  501 IU/g Vitamin C  .185 
Vitamin D  <0.1 IU/g Vitamin E  .02 IU/g 
Others mg/g 
Sugars 48 Chlorophyll  1.2 
Cholesterol  <0.01   
Essential Amino acids mg/g 
Isoleucine  15.8 Leucine  31.5 
Lysine  22.6 Methionine  3.5 
Phenylalanine  19.8 Proline  17.1 
Threonine  14.8 Valine  22.1 
Non-Essential Amino acids mg/g 
Alanine  24.8 Arginine  22.1 
Aspartic Acid  46.9 Glutamine  77.4 
Glycine  20.4 Histidine  7.4 
Serine  15.9 Tyrosine  6.9 
Source – EPA, USDA 
 
Table 4.5: Comparison of contents of wheatgrass with other vegetables 
Name of 
Vegetable 
Wt. Protein Fiber Calcium Vit. A Iron Selenium Magnesium Potassium 
g g g mg IU mg g mg mg 
Dehydrated  
Wheatgrass 
100 25 17 515 66,080 57.1 99.7 197.5 1,425 
Beets (raw) 100 1.7 0.8 17 22 0.7 - 23.3 339 
Bib Lettuce 
(raw) 
100 1.3 0.5 35 964 2.1 - 9 264 
Broccoli 
(raw) 
100 3.6 1.5 103 2,500 1.1 - 24 380 
Cabbage 
(raw) 
100 0.9 0.8 34 90 0.3 1.5 13 163 
Cauliflower 100 2.7 1 25 60 1.1 0.7 24 295 
Celery, raw 100 0.9 0.6 39 266 0.3 - 21.6 39 
Collards  100 3.6 0.9 401 6,500 1 - 57 401 
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(raw) 
Corn 
(cooked) 
100 3.2 0.7 163 396 3 - 20 163 
Cucumber 
(raw)  
100 0.9 0.6 25 245 1.1 0.1 11.2 158 
Eggplant 
(raw) 
100 1.2 0.9 12 10 0.7 - 16 214 
Green 
Pepper 
(raw) 
100 1.3 1.4 9 425 0.8 0.6 18 213 
Kale (raw) 100 4.2 1.3 179 8,900 0.5 - 37 318 
Mushrooms 
(raw) 
100 2.7 0.8 6 5 0.8 12 10.8 406 
Okra (raw) 100 2.4 1 249 520 0.6 - 41 - 
Onions 
(raw) 
100 1.5 0.6 27 41 0.5 1.5 11.8 155 
Peas (raw) 100 6.3 2 26 632 1.9 - 34.5 311 
Potato 
(raw) 
100 2.2 0.8 7 5 0.6 - - 409 
Radish 
(raw) 
100 1 0.7 28 5 1 4.2 14 290 
Spinach 
(raw) 
100 3.5 0.6 97 8,109 3.2 - 80 471 
Sweet 
Potato 
(baked) 
100 1.6 1.2 31 3,400 0.7 - - 233 
Tomato 
(raw) 
100 1.1 0.5 10 905 0.6 0.5 14.1 245 
Turnips 
(raw) 
100 1 0.8 38 5 0.5 0.6 18.8 261 
Source: Nutrition Almanac and published scientific papers on cereal grass by Dr. 
George Kohler
[56]
  
Table 4.6: Functions of amino acids present in wheatgrass 
Amino acid Function Amino acid Function 
Alanine blood builder Arginine seminal fluid 
Lysine anti ageing / cold 
sores 
Valine brain/muscle co-
ordination 
Leucine energy and nerve 
stimulation 
Theronine digestion and 
assimilation 
Isoleucine growth in infants Histidine hearing and nerve 
function 
Methionine kidney and liver 
cleanser 
Proline Glutamic acid 
absorption 
Aspartic acid 
and Glycin 
energy Serine brain stimulation 
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Our bodies are complex systems in which there is a delicate chemical balance that 
keeps everything functioning, as it should. Disruptions to the system are going to have 
consequences with some being more severe than others. Some of these consequences 
can take the form of disease or irreversible damage. Prevention is always better than 
trying to cure illness or repair damage. One of the most important parts of prevention 
is good nutrition. Ensuring regular consumption of recommended intake of vitamins, 
mineral and other nutrients that our body needs, is vital in maintaining healthy physic 
and mind.
[31] 
This may be difficult in context of today's lifestyle. For this concern, 
nutritional supplements are the solution. 
Potassium (K) is the major cation found inside of cells.
[72] 
The proper level of 
potassium is essential for normal cell function. An abnormal increase of potassium 
(hyperkalemia) or decrease of potassium (hypokalemia) can profoundly affect the 
nervous system and heart, and when extreme, can be fatal. The normal blood 
potassium level is 3.5-5.0 millimoles/liter (mmol/L). Helping to regulate the body's 
fluid levels is one of the mineral potassium's greatest functions. Not only that but it 
also has a great part in regulating the blood pressure. It also helps to keep the heart 
thumping steadily and regularly and is also essential to the nervous system. Potassium 
works to promote the proper functioning of the tissue that makes up the nervous 
system. It also serves to enhance muscle control plus the growth and health of cells 
particularly through its importance in waste product removal. This mineral is also 
vital to the kidneys in their waste removal tasks. Potassium also plays an important 
role to mental function as well as to physical processes. It helps to promote efficient 
cognitive functioning by playing a significant role in getting oxygen to the brain.
[73]
 
Failing to meet the standard recommended daily intake levels can lead to a variety of 
negative consequences for both physical well being and mental health. Physical 
symptoms can include muscular cramps and twitching, muscular weakness, even 
actual muscle damage, poor reflexes, fatigue, fragile bones, irregular heartbeat and 
other cardiovascular irregularities, kidney failure, lung failure, and cardiac arrest. 
Mental symptoms can include nervous disorders of various types, anorexia, insomnia, 
a slowdown of cognitive processes, and depression.
[74] 
 
Sodium (Na) is the major extracellular cation and it plays a role in body fluid 
distribution. Concentration of sodium ions inside the plasma (extracellular) is 130-145 
mmol/L. Higher and lower concentrations are referred to as hypernatremia and 
hyponatremia, respectively. Sodium is essential to the body for fluid balance, muscle 
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contractions and nerve reactions. Sodium is important in maintaining human body 
fluid volume and maintaining electric potential in the animal tissue.
[75]
 
Calcium strengthens our bones, particularly before age of 35 years old. Most (99%) of 
calcium is found in bones and teeth
[76-77]
 with the remaining 1 % in the soft tissues 
and watery parts of the body where calcium helps to regulate normal processes of the 
body.
[31]
 A constant supply of calcium is necessary throughout our lifetime, but is 
especially important during phases of growth, pregnancy, and lactation (breast 
feeding). Calcium is responsible for construction, formation and maintenance of bone 
and teeth, muscle contraction. Calcium is a vital component in blood clotting systems, 
in the production of enzymes and hormones that regulate digestion, energy, and fat 
metabolism and also helps in wound healing. Calcium helps to control blood pressure, 
nerve transmission, and release of neurotransmitters, to transport ions (electrically 
charged particles) across the membrane, to reduce the incidence of premature heart 
disease, especially if adequate intakes of magnesium are also maintained, to reduce 
the occurrence of osteoporosis, maintaining all cells and connective tissues in the 
body, may help to prevent periodontal disease (gum disease).
[77-80] 
Calcium 
Deficiency in conjunction with high sodium intake is related to a higher risk of 
hypertension. Calcium Deficiency can lead to loss of calcium from the bone (initially 
from the jaw and the backbone), which can lead to deformity, can cause extreme 
nerve sensitivity, muscle spasms, and leg cramps (called tetany) at very low levels in 
the blood.
[79-82] 
Wheatgrass is rich with these minerals, and amount of these minerals 
can be measured by flamephotometer. 
Medicinal uses of wheatgrass:  
In today‟s fast lifestyle and fast-food world, deficiency of any or many of these 
biochemical factors could easily occur culminating into a disease or disorder. For 
example, as reported by Altura and Altura (1995), „It is now becoming clear that a 
lower than normal dietary intake of magnesium can be a strong risk factor for 
hypertension, cardiac arrhythmias, ischemic heart disease, atherogenesis and sudden 
cardiac death.
[83]
 Deficiency in serum magnesium is often associated with 
arrhythmias, coronary vasospasm and high blood pressure‟. wheatgrass juice, being a 
rich source of magnesium, may replenish the deficiency of magnesium and improve 
the clinical picture.  
Conversely, a disease state may cause deficiency of a nutrient. According to Rude 
(1993), „A large body of evidence demonstrates the prevalence and adverse clinical 
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consequences of magnesium deficiency in patients with diabetes mellitus.
[84]
 It would 
be prudent for physicians who treat these patients to consider magnesium deficiency 
as a contributing factor in many diabetic complications and in exacerbation of the 
disease itself. Repletion of the deficiency or prophylactic supplementation with oral 
magnesium may help avoid or ameliorate such complications as arrhythmias, 
hypertension, and sudden cardiac death and may even improve the course of the 
diabetic condition‟.[84] Regular intake of wheatgrass juice could correct the secondary 
magnesium deficiency and thus, may be helpful in averting long-term clinical 
complications of diabetes mellitus. 
The movement for the human consumption of wheatgrass began in the western world 
in the 1930s and was initiated by Charles F. Schnabel, known as the father of 
wheatgrass.
[16]
 He said „Fifteen pounds of wheatgrass is equivalent to 350 pounds of 
the choicest vegetables.‟ Later Wigmore (1940) healed herself of cancer from the 
weeds she found in vacant lots in Boston.  She began a study of natural healing 
modalities - and with the help of a friend, Dr. Earp Thomas, she found that there are 
4700 varieties of grass in the world and all are good for man.   
Dr. Wigmore reported that the “wheatgrass” used in her program contain abscisic acid 
and laetrile, both of which may have anti-cancer activity. It was also reported that 
young grasses and other chlorophyll-rich plants are a safe and effective treatment for 
ailments such as high blood pressure, some cancers, obesity, diabetes, gastritis, ulcers, 
pancreas and liver problems, fatigue, anemia, asthma, eczema, hemorrhoids, skin 
problems, halitosis, body odor and constipation.
[17]
  
Dr. Wigmore‟s opinions are based on her experiences with her guests at Hippocrates. 
A few clinical studies have verified that some disease conditions can be benefited by 
the use of wheatgrass. Remarkably, a relatively large number of studies indicate that 
food factors and nutrients found in wheatgrass may provide relief from many of the 
conditions claimed by Ann Wigmore. 
Melbourne based Dr Reynolds has found wheatgrass to be successful in the treatment 
of ailments including psoriasis, eczema, soft tissue problems, shingles, inflammatory 
problems and burns, and says that he finds it is less necessary to prescribe 
antibiotics.
[85-86]
 Wheatgrass powder has only about 10-15 calories per teaspoon. It 
has no fat or cholesterol. It has nearly a gram of protein per teaspoon and includes all 
eight of the essential amino acids, as well as 13 of the remaining 16. The amino acids 
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it doesn't contain are easily made within the body. Amino acids are the building 
blocks of proteins. The body uses these amino acids for, things like building muscle 
tissue, repairing cells, and clotting the blood. It contains vitamins A, B1, B2, B3, B5, 
B6, B8, and B12; C, E and K. A teaspoon of wheatgrass contains around 15 mg of 
Calcium, 8 g Iodine, 3.5 g Selenium, 870 g Iron, 62 g Zinc, and many other 
minerals. 
In the following chapters, we have discussed the possible therapeutic effectiveness 
and mechanisms of action of wheatgrass juice, in various diseases.  
 
Summary of the benefits of wheatgrass juice: 
  Optimises blood sugar levels  
 Reduces high blood pressure and enhance capillaries  
 It is great for blood disorders of all kinds  
 It is great for constipation and keeping the bowles open. It is high in magnesium  
 Continues use of wheatgrass cures acne and even removes scars  
 Wheatgrass is high in oxygen like all green plants that contains chlorophyll. The 
brain and body tissues function at an optimal level in a highly-oxy generated 
environment  
 Chlorophyll is antibacterial and can be used inside and outside the body as a healer  
 The high magnesium content in chlorophyll builds enzymes that restore the sex 
hormones  
 Liquid chlorophyll washes drug deposits from the body, neutralizes toxins in the 
body and helps purify the liver  
 Wheatgrass juice acts as a detergent in the body  
 A small amount of wheatgrass juice in the human diet prevents tooth decay  
 Wheatgrass juice held in the mouth for 5 minutes will eliminate toothaches. It pulls 
poisons from the gums  
 Gargle with wheatgrass juice for sore throats  
 Phyorrhea of the mouth: lay pulp of wheatgrass soaked in juice on diseased area in 
mouth or chew wheatgrass, spitting out pulp  
 Drink wheatgrass for skin problems such as psoriasis  
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 Wheatgrass juice is an excellent skin cleanser and can be absorbed through the skin 
for nutrition. Pour green juice over your body in a tub of warm water and soak for 
15 to 20 minutes. Rinse off with cold water  
 Wheatgrass juice aids healing and detoxifying the colon walls. Also heals and 
cleanses the internal organs  
 Wheatgrass juice can remove heavy metals from the body  
 Prevents growth of cancerous cells in the body  
 
Significance of Standardization of Herbal drugs: 
Owing to long-standing and time-proven use of herbal drugs, along with higher safety 
margin, WHO has taken necessary, steps to ensure quality control with modern 
techniques and application of suitable standards for this purpose. The major hindrance 
in the amalgamation of herbal medicine into modern medical practices is the lack of 
scientific and clinical data and better understanding of efficacy and safety of herbal 
products. To ensure the quality and safety of herbal products, standardization is of 
vital importance.
[32]
 In an herbal drug, the active component vary in different 
environmental conditions. The pharmacopoeias of different countries include 
monographs indicating quality parameters and standards for various herbal drugs and 
also for some of their products. For the purpose of quality control of herbal drugs, 
W.H.O. has prepared accordingly the guidelines. The research on traditional 
medicinal plants has focused on providing scientific evidence for the presence of 
active principles in assessment of toxicities. There are many herbal drugs and their 
products from India and China that are exported to western countries and their 
constituents are not declared on their labels. Some of the Indian herbal products 
contain toxic metals like lead and mercury and pesticides. Therefore, there is limited 
scope of Indian drugs in worldwide trade.
[1]
 The objectives put forth are provisions for 
recommended general methods and also the general limits for contaminants for herbal 
drugs.
[50]
 
Plants are very complex and vary in their composition, phytochemical content and 
therefore in its therapeutic effect. Their therapeutic activity depends on their chemical 
constituents, these vary according to age, geographical location and harvesting 
processes. Also improper authentication of herbs, adulterations by microorganism, 
pesticide residue, has made standardization of herbal drug of primary importance.  
In olden times, vaidyas used to treat patients on individual basis, and prepare drug 
according to the requirement of the patient. But the scenario has changed now; herbal 
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medicines are being manufactured on the large scale in Pharmaceutical units, where 
manufacturers come across many problems such as availability of good quality raw 
material, authentication of raw material, availability of standards, proper 
standardization methodology of single drugs and formulation, quality control 
parameters. In almost all the traditional system of medicine, the quality control aspect 
has been considered from its inspection by Rishis, Vaidyas and Hakims. However, in 
modern concept it require necessary changes in their approach, by way of method of 
quality control in terms of development of modern methodologies. Thus today, 
quality-assurance is thrust area for the evaluation of traditionally used medicinal 
plants and herbal formulation.  
Herbal medicines have made a great contribution towards maintaining human health. 
In the western world, as the people are becoming aware of the potency and side effect 
of synthetic drugs, there is an increasing interest in the natural product remedies with 
a basic approach towards the nature. People all over the world have realised that the 
vast plant wealth has much to offer in the shape of new and effective remedies which 
are safe and accessible to masses.  
Unfortunately, no serious efforts have been taken to verify these claims and to 
develop validated, standardised herbal preparations for effective cure and 
management of diseases. No official standard are available for the herbal 
formulations.  
Although there are many formulations available in market but they are scientifically 
neither evaluated nor authenticated or quality controlled. Manufactures those who are 
doing some testing of their formulation, have fixed their own parameter, most of them 
are only preliminary in nature. Further, there is extremely limited knowledge about 
the ingredients in the herbal drug formulation and also about their effects on humans. 
Toxicological or safety data of herbal drugs for all practical purpose is unknown or 
not available.  
It is very important that a system of standardization is established for every plant 
medicine in the market because the scope for variation in different batches of 
medicine is enormous. In herbal medicine, several plants may be used together in the 
same preparation. In polyherbal preparations it will be very difficult to estimate each 
and every ingredient in term of their chemical constituent.  
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This means that there should be a quality control test for the entire preparation to 
ensure quality of the product. World Health Organization (WHO) encourages, 
recommends and promotes traditional herbal remedies in national health care 
programmes because these drugs are easily available at low cost, safe and people have 
faith in them. The WHO assembly in number of resolutions has emphasized the need 
to ensure quality control of medicinal plant products by using modern techniques and 
applying suitable standards.
[87-88]
 
Every Herbal Formulation must be standardized as per WHO guidelines.
[89]
 The 
objective of WHO guidelines is to define basic criteria for the evaluation of quality, 
safety and efficacy of herbal medicines.
[90]
 India is one of the world‟s twelve leading 
biodiversity centers with the presence of over 45,000 different plant species, out of 
this about 15,000-20,000 plants have good medicinal properties of which only about 
7,000-7,500 are being used by traditional practitioners. The Siddha system of 
medicine uses around 600, Ayurveda 700, Unani 700 and modern medicine about 30 
plants species. Projection is being made that after information technology, herbal 
technology will be India‟s biggest revenue earner.[91] 
India has a great role to play, as supplier of herbal products not only to meet the 
domestic needs, but also to take advantage of the tremendous export potential. To be a 
global supplier of herbal medicines conforming to international specification, the 
following aspects are still demanding the attention: 
 Proper botanical identification of all medicinal plants in Indian System of 
Medicine. All herbal ingredients in preparation to be specified by their 
botanical names besides their popular/common names. 
 Processing of medicinal plants in a scientific, economic and safe way using 
similar ones used for modern drugs. 
 Isolation and chemical characterization of acute ingredients including 
inorganic constituents, wherever possible. 
 Pharmacological and clinical studies to ascertain their efficacy and safety. 
 Standardization to ensure uniformity. The use of medicinal plants in 
combination to be limited to facilitate analysis and to apply quality control and 
standardization parameters to herbal drug preparations. 
 Documentation of research. 
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Such scientific aspects will project herbal medicine in a proper perspective and help 
in sustained global market.
[92]
  
An estimate of WHO demonstrates about 80% of world population depends on natural 
products for their health care, because of, side effects and high cost of modern 
medicine.
[93]
 World Health Organization currently recommends and encourages 
traditional herbal remedies in natural health care programs because these drugs are 
easily available at low cost and are comparatively safe. People‟s faith in such 
remedies is reflected by a whooping turnover of 450 crores annually in herbal market 
besides a healthy 11% annual growth rate and the increasing export potential has 
attracted several large and medium scale pharmaceutical industries and even 
multinationals to jump on to the band wagon.
[92]
 
Today, chromatographic methods HPLC, GC, HPTLC are used for identifying active 
constituents of medicinal herbs. These scientific procedures have brought revolution 
in the field of herbal medicine, particularly in case of single plant based formulations. 
The major traditional sector pharmas, namely Himalaya, Zandu, Dabur, Hamdard, 
Maharishi, etc, are standardizing their herbal formulations by chromatography 
techniques like TLC/ HPTLC finger printing, etc.
[94]
 The concept of standardization is 
rapidly catching up with herbal products based on active constituents.  
 
Flamephotometry: 
Flamephotometry, now more properly called flame atomic emission spectrometry is a 
relatively old instrumental analysis method. Its origins date back to Bunsen‟s flame-
color tests for the qualitative identification of selected metallic elements. As an 
analytical method, atomic emission is a fast, simple, and sensitive method for the 
determination of trace metal ions in solution. Because of the very narrow (ca. 0.01 
nm) and characteristic emission lines from the gas-phase atoms in the flame plasma, 
the method is relatively free of interferences from other elements. Typical precision 
and accuracy for analysis of dilute aqueous solutions with no major interferences 
present are about ±1-5% relative.
[95]
 
Detection limits can be quite low. “Good” elements typically have detection limits 
between about 1 ng/ml and 1 µg/ml. The method is suitable for many metallic 
elements, especially for those metals that are easily excited to higher energy levels at 
the relatively cool temperatures of some flames - Li, Na, K, Rb, Cs, Ca, Cu, Sr, and 
Ba. Metalloids and nonmetals generally do not produce isolated neutral atoms in a 
flame, but mostly as polyatomic radicals and ions. Therefore, nonmetallic elements 
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are not suitable for determination by flame emission spectroscopy, except for a very 
few and under very specialized conditions.
[73]
 
The principle of operation of a flamephotometer is simple. The fluid under analysis is 
sprayed as a fine mist into a non-luminous flame which becomes coloured according 
to the characteristic emission of elements (Na: 589 nm, ca: 622 nm, li: 671 nm, K: 
768 nm). The flame is monitored by a photodetector which views the flame through a 
selected narrow band optical filter that only passes the wavelengths, centered on the 
characteristic emission of the selected element. The output of the photo-detector is fed 
to an electronic module which provides digital readout of the concentration of the 
selected element(s). Before analyzing the unknown fluid sample, the system is 
standardised with solutions of known concentrations of elements of interest.
[96]
 
In a measurement set-up, compressed air from a compressor is supplied to an 
atomizer. Due to a draught of air at the tip of the atomizer, the sample solution is 
sucked in and enters in a mixing chamber as a fine atomized jet. Liquid Petroleum 
Gas (LPG) from a suitable source is also injected in the mixing chamber at a 
controlled pressure. The mixture of gas and atomized sample is passed on to a burner 
and ignited. The emitted light from the flame is collected by optical lenses and passed 
on to a photodetector through a selected filter. The out put of the detector is processed 
by an electronic unit and the results are appropriately displayed.
[96]
 
Flamephotometry is a highly empirical, rather than an absolute, method of analysis 
such as gravimetry. So, it is required to calibrate the method carefully and frequently. 
Many different experimental variables affect the intensity of light emitted from the 
flame and that finding its way to the detector. Therefore, careful and frequent 
calibration is required for good results.
[95]
 
 
 Skin Diseases: 
Skin is the largest organ of body. It is, in terms of both weight, between 6 and 9 
pounds, and surface area, about 2 square yards. Skin separates the inside of body from 
the outside world. It protects from bacteria and viruses, helps sense the outside world, 
such as whether it is hot or cold, wet or dry and regulates our body temperature. 
Conditions that irritate, clog or inflame the skin can cause symptoms such as redness, 
swelling, burning and itching. Allergies, irritants, genetic makeup and certain diseases 
and immune system problems can cause dermatitis, hives and other skin conditions.  
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The epidemiology of skin diseases in ethnic populations has been monitored during 
the last century through dermatology practice surveys and the published clinical 
experience of individual dermatologists providing care for these individuals. Many 
skin diseases are seemingly common to most of the ethnic populations, including acne 
vulgaris, pigmentary disorders, eczematous dermatitis and infection caused by 
bacteria, fungi, and viruses. Diseases of a more cosmetic nature have emerged over 
recent years, including the pigmentary disorders, melasma and post-inflammatory 
pigmentation, scalp and facial folliculitis, keloidal scarring, alopecia, and photoaging. 
Tropical and infectious diseases affect primarily ethnic populations. The identification 
of cutaneous diseases affecting the rapidly increasing ethnic populations serves to 
focus research and clinical resources in these areas. 
The inflammatory process involves a series of events that can be elicited by numerous 
stimuli, e.g., infectious agents, ischemia, antigen-antibody interactions, chemical, 
thermal or mechanical injury. The response is accompanied by the clinical signs of 
erythema, edema, hyperalgesia and pain. 
It has been recommended that the topical application of wheatgrass juice is useful for 
treatment of skin infections.
[17]
 It has also been claimed that wheatgrass juice may 
have antibacterial activity. During the 1950s, many laboratories tested chlorophyll's 
power to kill germs. The consensus of these reports was that, for the most part, 
chlorophyll is bacteriostatic, and only slightly bacteriocidal. This means that 
chlorophyll limits the growth of many types of germs not by directly killing them, but 
by providing an environment, which interferes with their growth. It is particularly 
effective against anaerobic bacteria, those, which do not require oxygen.
[33]
 Dentists 
and physicians have successfully used chlorophyll to control mouth infections such as 
pyorrhea and Vincent's angina. There are several reported cases of the successful use 
of chlorophyll for bacterial endocarditis, an infection of the tissue surrounding the 
heart.
[71]
  
Chlorophyll solutions provide significant relief of pain, reduction of inflammation, 
and the control of odor for patients with serious mouth diseases.
[34] 
Chlorophyll has 
also been used successfully to treat chronic and acute sinusitis, vaginal infections, and 
chronic rectal lesions.
[34]
 
Circulating levels of neutrophils increased 3-4 fold in Mg-deficient rats as compared 
to magnesium-sufficient rats from 3
rd
 week.
[97]
 Magnesium deficiency results in early 
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elevation of neuropeptides (substance P, CGRP) followed by later increases in 
inflammatory cytokines including gamma-interferon, IL-1, IL-6 and TNF-alpha in 
both rat and mice.
[98-102]
 As part of their proinflammatory activities, these 
neuropeptides and cytokines might be able to activate a number of cells including 
macrophages, neutrophils and endothelial cells to generate oxyradicals and NO.
[103-106]
 
Significant tissue inflammatory lesions occur only after 2 weeks of magnesium 
deficient diet.
[98-102]
 Since, wheatgrass is rich in chlorophyll; it may replenish depleted 
magnesium levels in human body and give benefits in inflammatory conditions. 
Chlorophyll was praised in the 1940 American Journal of Surgery by Benjamin 
Gruskin, M.D. for its antiseptic benefits. The article recommends the following 
clinical uses for Chlorophyll - to clear up foul-smelling odours, neutralise infections, 
heal wounds, hasten skin grafting, cure chronic sinusitis, overcome chronic inner ear 
inflammation and infection, reduce varicose veins and heal leg ulcers, eliminate 
impetigo and other scabby eruptions, heal rectal sores, successfully treat inflammation 
of the uterine cervix, get rid of parasitic vaginal infections, reduce typhoid fever, and 
cure advanced pyorrhoea in many cases.   
In this century medical scientists have found chlorophyll to be effective in the general 
fields of detoxification, deodorization, and the healing of wounds. The power of 
chlorophyll as an effective deodorizing agent was first scientifically demonstrated in 
the 1940s. In the decade that followed, toilet paper, diapers, chewing gum, bed sheets, 
toothpastes, shoe liners, and a number of other products containing various amounts 
of green coloring and crude chlorophyll extracts began appearing on store shelves. In 
the wake of this "chlorophyll hysteria", a number of researchers began serious 
investigation of the therapeutic uses of chlorophyll.
[33]
 The leaves and green parts of 
plants have been used for centuries to accelerate wound healing. Among the ancients, 
the greenest plants were chosen for health remedies.
[71]
 Chlorophyll has been 
recognized for its antinflammatory, antioxidant, wound healing, and deodorant 
properties.
[24,107]
 The ideal wound treatment stimulates repair of damaged tissues and 
inhibits the growth of bacteria.
[18]
 Chlorophyll does both! Even crude preparations of 
chlorophyll are effective in stimulating the growth of healthy granuloma tissue and 
fibroblasts - both on actual wounds and in laboratory cultures.
[33]
 Nakamura found 
that pheophorbide a, a naturally occurring major degradation product of chlorophyll, 
had anti-inflammatory effects when tested in animal studies. The anti-inflammatory 
effects have been linked to inhibition of leukocyte activation, which is important to 
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maintaining normal tissue and cellular health.
[24]
 Nenonen and others have found that 
lactobacilli-rich and chlorophyll-rich drinks were associated with decreased disease 
activity in arthritis.
[108]
 In addition, the foul odors associated with surface wounds and 
ulcers rapidly disappear following chlorophyll application.
[34]
 The medical literature is 
replete with reports demonstrating these effects. Surface wounds and sores due to 
surgery, compound fractures, osteomyelitis (bone inflammation), decubitus (bed 
sores), and routine cuts and scrapes all show fast and dramatic improvement with the 
topical use of chlorophyll. Chlorophyll therapy has saved limbs from amputation. 
Chlorophyll is also known to reduce the itching, pain and local irritation of surface 
wounds.
[33]
 Burns caused by heat, chemicals, and radiation also heal faster with 
chlorophyll therapy, whether or not they are infected. Chlorophyll was used to 
prolong the survival of skin grafts before the development of the immune-suppressing 
drugs, which are now used. The action of chlorophyll on wounds has a unique feature. 
Most medicines become less effective with repeated use. In contrast, an initial 
application of chlorophyll makes a wound more sensitive to its healing benefits with 
repeated use.
[33]
 Chlorophyll is considered to have the most constant and marked 
effect of all agents for stimulating cell proliferation and tissue repair.
[33]
 Collings 
(1945) demonstrated that the healing time of wounds is shorter with chlorophyll 
therapy than with penicillin, vitamin D, sulfanilamide, or no treatment. Chlorophyll 
also accelerates wound healing by reducing hemagglutination and inflammation. 
When a tissue is injured, foreign substances in the blood generally cause blood cells 
to clump together.
[109]
 This limits the amount of nutrients available for repair of the 
injured tissue. When chlorophyll is administered to a wound, this clumping is 
reduced, so the lag time associated with tissue repair is shortened.
[110]
 Chlorophyll 
decreases swelling by reducing the synthesis of fibrin (the protein associated with 
blood clot formation).
[111-112]
 This gives chlorophyll a mild blood thinning, or heparin-
like property, which can enhance the effectiveness of local immune defenses. 
Chlorophyll has also been found to be supportive of normal kidney function, 
acceleration of wound healing, treatment of ulcers, and reduction of fecal, urinary, 
and body odor in geriatric patients.
[66,107]
 
 
Antiinflammatory activity: 
Drugs which are in use presently for the management of pain and inflammatory 
conditions are either narcotics e.g. opioids or non-narcotics e.g. salicylates and 
corticosteroids e.g. hydrocortisone. All of these drugs present well known side and 
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toxic effects. Moreover synthetic drugs are very expensive to develop since, for the 
successful introduction of a new product approximately 3000-4000 compounds are to 
be synthesized, screened and tested, whose cost of development ranges from 0.5 to 5 
million dollars. On the contrary many medicines of plant origin had been used since 
long time without any adverse effects. It is therefore essential that efforts should be 
made to introduce new medicinal plants to develop cheaper drugs.
[113]
 Plants represent 
a large untapped source of structurally novel compounds that might serve as lead for 
the development of novel drugs.
[114]
 
Herbal medicines derived from plant extracts are being increasingly utilized to treat a 
wide variety of clinical diseases, though relatively little knowledge about their mode 
of action is available. 
There is a growing interest in the pharmacological evaluation of various plants used in 
Indian traditional systems of medicine. Thus, the present investigation was carried out 
to evaluate the anti-inflammatory potential of Triticum aestivum (F: Graminae) in 
experimental animal models.
[115]
 Wheatgrass contains chlorophyll. Chlorophyll 
solutions provide significant relief of pain, reduction of inflammation.
[34]
  
 
Ulcer: 
An ulcer (from Latin ulcus) is an open sore of the skin, eyes or mucous membrane, 
often caused, but not exclusively, by an initial abrasion and generally maintained by 
an inflammation, an infection, and/or medical conditions which impede healing. In 
other words, it is a macroscopic discontinuity of the normal epithelium (microscopic 
discontinuity of epithelium is called erosion). Other causes of skin ulcerations include 
pressure from various sources and venous insufficiency. Stomach ulcer disease is 
common, affecting millions of Americans yearly. The size of a stomach ulcer can 
range between 1/8 of an inch to 3/4 of an inch. About 20 million Americans develop 
at least one stomach ulcer during their lifetime. Stomach ulcers affect about 4 million 
Americans every year. More than 40,000 Americans have surgery because of 
persistent symptoms or problems from ulcers every year. About 6,000 Americans die 
of stomach ulcer-related complications every year.  
Peptic ulcer, also known as PUD or peptic ulcer disease is an ulcer of an area of the 
gastrointestinal tract that is usually acidic and thus extremely painful. About 80% of 
ulcers are associated with Helicobacter pylori. Ulcers can also be caused or worsened 
by drugs such as Aspirin and other NSAIDs. About 4% of stomach ulcers are caused 
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by a malignant tumor, so multiple biopsies are needed to make sure. Duodenal ulcers 
are generally benign. 
 
Benefits of wheatgrass in ulcer: 
Ulcerative colitis is a common and sometimes serious disorder of the large intestine 
that can cause abdominal pain, diarrhoea, and bleeding. Ben-Ayre et al., (2002) 
reported that people taking wheatgrass juice experience a significant improvement of 
their ulcerative colitis symptoms on a scale that measured overall disease activity, 
compared with people taking a placebo.
[116]
 Wheatgrass juice also significantly 
reduced the severity of rectal bleeding and abdominal pain. The initial dose of 
wheatgrass juice, 20 ml (two-thirds of an ounce) per day, was increased over a period 
of several days to a maximum of 100 ml (3.5 ounces) per day. In addition to the 
positive results mentioned above, an examination of the colon (sigmoidoscopy) 
showed improvement in 78% of the people receiving wheatgrass juice, compared with 
only 30% of those receiving placebo. No serious side effects were seen. Although 
nausea was reported by 33% of the participants receiving wheatgrass juice, 41% noted 
an increase in vitality while taking the supplement. 
Chlorophyll has also been shown to be extremely effective in speeding the healing of 
peptic ulcers and wounds, which develop internally in the gastro-intestinal tract. 
Several studies document the use of chlorophyll in the treatment of ulcers resistant to 
more conventional therapies. The results are quite impressive. In the Offenkrantz 
study, 20 of the 27 patients with chronic ulcers were relieved of pain and other 
symptoms in 24 to 72 hours.
[35]
 Complete healing of the damaged tissues, as 
demonstrated by X-ray examination, occurred in 20 of 24 cases within two to seven 
weeks. These reports include case descriptions of dramatic recoveries from severe, 
long standing problems. Chlorophyll has been cited as therapeutic for inflammation of 
the ear, the mucous membrane of the nose, and the sinuses.
[66]
  
A clinical pilot study was carried out by Marwaha et al., (2004) at the Advanced 
Pediatric Centre, Postgraduate Institute of Medical Education and Research, 
Chandigarh, India. It was reported that during period of wheatgrass juice ingestion: all 
participants experienced lower blood transfusion requirements, 50% had at least 25% 
reduction in transfusion requirements, the mean interval between transfusions 
increased 29.5%, overall, hemoglobin levels were not compromised by reduced 
transfusion volumes.
[36]
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Formulation development: 
Delivery of drugs to the skin is an effective and targeted therapy for local 
dermatological disorders. This route of drug delivery has gained popularity because it 
avoids first pass effects, gastrointestinal irritation, and metabolic degradation 
associated with oral administration.
[37]
 Due to the first past effect only 25-45% of the 
orally administered dose reaches the blood circulation. In order to bypass these 
disadvantages the gel formulations have been proposed as topical application.
[38]
 
Topical gel formulations provide a suitable delivery system for drugs because they are 
less greasy and can be easily removed from the skin. Percutaneous absorption of 
drugs from topical formulations involves the release of the drug from the formulation 
and permeation through skin to reach the target tissue. The release of the drug from 
topical preparations depends on the physicochemical properties of the vehicle and the 
drug employed. In order to enhance drug release and skin permeation, methods such 
as the selection of a suitable vehicles, co-administration of a chemical enhancer have 
been studied.
[117]
 Gel base formulation makes the drugmolecules more easily 
removable from the system then cream and ointment.
[118-119]
 Gels for dermatological 
use have several favorable properties such as being thixotropic, greaseless, easily 
spreadable, easily removable, emollient, nonstaining, compatible with several 
excipients and water-soluble or miscible.
[120]
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Protocol For Testing Ayurvedic, Siddha & Unani Medicines:
[121]
 
(Government of India, Department of Ayush, Ministry of health and family welfare, 
pharmacopoeial laboratory for Indian medicines, Ghaziabad)  
 
 
Literature review reveal that wheatgrass is rich in many pigments like chlorophyll,  
minerals like magnesium, selenium, sodium, potassium, calcium, zinc, chromium, 
antioxidants like beta-carotene (provitamin A), vitamin E, vitamin C, antianemic 
factors like vitamin B12, iron, folic acid, pyridoxine and many other minerals, amino 
acids and enzymes, which have significant nutritious and medicinal value. So, 
wheatgrass may be useful in many diseases and nutritional deficiency disorders. 
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5. MATERIALS AND METHODS  
5.1 Pharmacognostic studies:   
5.1.1 Identification of wheat variety:  
Certified samples of three major species of wheat viz. Triticum aestivum, Triticum 
durum and Triticum dicoccum were acquired from Wheat Research Center, Gujarat 
Krushi University, Junagadh, Gujarat. The authenticity of these certified samples was 
also confirmed by comparing their morphological characters with the description 
mentioned in different standard texts and floras.
[39]
 These wheat varieties were grown 
in plastic trays as per the standard procedure described below.
[17]
 
 
Procedure for growing wheatgrass - 
 Adequate quantities of unpolished wheat grain were soaked overnight in water 
in a container. 
 On the next day, the soaked wheat-grain were spread on the surface of the soil 
filled in plastic trays. Care was taken so that the grains did not touch one 
another. 
 A thin layer of soil was sprinkled on the wheat grains and then tray was 
covered with a newspaper to provide darkness, which helps sprouting. 
 The tray was kept in a covered balcony. Next day, the tray was uncovered to 
spray on some water and was covered again with the newspaper. 
 Previous step was repeated everyday until sprouting took place, after which 
the tray was left uncovered and watered everyday for 8 days. 
 On 9th day the wheatgrass was harvested by cutting it with a clean pair of 
scissors about 1/2" above the surface of the soil. 
 
To characterize and differentiate among the three varieties of wheatgrass, all three 
varieties of the grass were subjected to microscopic study, which included transverse 
sections, surface preparations and powder study.
[122-123] 
For powder study the grass 
was cleaned and dried in a dark place for four days. It was powdered, passed through 
40# and stored in airtight bottles.  
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5.1.2 Microscopic examination: 
Microscopic studies of transverse sections, surface preparations and powder studies of 
three varieties of wheatgrass viz Triticum aestivum, Triticum durum and Triticum 
dicoccum were conducted using high-resolution microscope.  
 
Quantitative microscopy of Triticum aestivum leaf:  
The leaves were subjected to determinations of various constants as numerical values 
using reported method.
[124-125]
 Here various constants like Stomatal number, Stomatal 
index, Vein islet number, Palisade ratio, length of trichomes and Stomatal diameter 
has been determined. 
 
Determination of stomatal number:[
124]
 
Leaf fragments of about 5 × 5 mm in size was placed in a test tube containing about 5 
ml of chloral hydrate solution and heated in a boiling water-bath for about 15 minutes 
to make the fragments transparent. A fragment was transferred to a microscopic slide 
by keeping the lower epidermis uppermost, a small drop of glycerol-ethanol solution 
was kept on one side of the cover-glass to prevent the preparation from drying. 
Examined with a 40x objective and a 10x eye piece, to which a microscopical 
drawing apparatus is attached. For each stomata cross (x) was marked on the drawing 
paper and the average number of stomata per square millimeter for each surface of the 
leaf were calculated. 
 
Determination of stomatal index:
[124]
 
The stomatal index is the percentage of the number of stomata formed by the total 
number of epidermal cells, including the stomata, each stoma being counted as one 
cell. Leaf fragments of about 5 × 5 mm in size was placed in a test tube containing 
about 5 ml of chloral hydrate solution and heated in a boiling water-bath for about 15 
minutes to make the fragments transparent. A fragment was transferred to a 
microscopic slide by keeping the lower epidermis uppermost, a small drop of 
glycerol-ethanol solution was kept on one side of the cover-glass to prevent the 
preparation from drying. Examined with a 40x objective and a 10x eye piece, to 
which a microscopical drawing apparatus is attached. The result was calculated as 
follows:                               
            S x 100 
Stomatal index = ————  
                                                       E + S 
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Where,        S = the number of stomata in a given area of leaf;  
and E = the number of epidermal cells (including trichomes) in the same area 
of leaf. For each sample of leaf ten determinations were made and the average index 
was calculated. 
 
Determination of palisade ratio:
[124]
 
Palisade ratio is the average number of palisade cells under one epidermal cell. Leaf 
fragments of about 5 × 5 mm in size was placed in a test tube containing about 5 ml of 
chloral hydrate solution and heated in a boiling water-bath for about 15 minutes to 
make the fragments transparent. A fragment was transferred to a microscopic slide by 
keeping the lower epidermis uppermost, a small drop of glycerol-ethanol solution was 
kept on one side of cover-glass to prevent the preparation from drying. Examined with 
a 40x objective and a 10x eye piece, to which a microscopical drawing apparatus is 
attached. Four adjacent epidermal cells were traced on paper; focused gently 
downward to bring the palisade into view and sufficient palisade cells were traced to 
cover the area of the outlines of the four epidermal cells. The palisade cells under the 
four epidermal cells were counted. Where a cell was intersected, it was included it in 
the count only when more than half of it was within the area of the epidermal cells. 
The average number of palisade cells beneath one epidermal cell were calculated by 
dividing the count by 4; this was the “Palisade ratio”.  
 
Determination of vein-islet number:
[124]
 
The mesophyll of a leaf is divided into small portions of photosynthetic tissue by 
anastomosis of the veins and veinlets; such small portions or areas are termed “Vein-
Islets”. The number of vein-islets per square millimeter is termed the “Vein-Islet 
number”. This value has been shown to be constant for any given species and, for 
full-grown leaves, to be unaffected by the age of the plant or the size of the leaves. 
The vein-islet number has proved useful for the critical distinction of certain nearly 
related species. The determination was carried out as follows: 
The fragment of leaf lamina, each with an area of 1 square millimeter, excluding the 
midrib and the margin of the leaf was taken. The pieces of lamina were cleared by 
heating in a test tube containing chloral hydrate solution on a boiling water-bath until, 
it becomes clear and a mount was prepared in glycerol-solution. The stage micrometer 
was placed on the microscope stage and examined with 40x objective and a 10x eye 
piece. With the help of 40x objective and a 10x eyepiece a line representing 1 mm 
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was drawn on a sheet of paper by means of a microscopial drawing apparatus and a 
square was constructed on this line representing an area of 1 square millimeter. By 
moving the paper, the square was placed on the centre of the field of the eyepiece. 
The slide with the cleared leaf piece was placed on the microscope stage and the veins 
and vein-islets included within the square were drawn, completing the outlines of 
those vein-islets which overlap two adjacent sides of the square. The number of vein-
islets within the square, including those overlapping on two adjacent sides and 
excluding those intersected by the other two sides, were counted. The result obtained 
was the number of vein-islets in 1 square millimeter. For each sample of leaf, 12 
determinations were carried out and the average number was calculated. 
 
5.1.3 Physico-chemical analysis of wheatgrass: 
Physical evaluations like loss on drying, total ash, acid insoluble ash, water-soluble 
ash, alcohol extractive value, water insoluble ash, hot water extractive value and cold 
water extractive value were carried out. 
 
Determination of total ash:
[124]
 
In a silica dish, 2 g of dry wheatgrass powder was incinerated at a temperature of 
450ºc, cooled and weighed. The percentage of ash was calculated with reference to 
the dried powder. 
 
Determination of acid insoluble ash:
[124]
 
The ash, obtained during total ash determination process, was boiled for 5 minutes 
with 25 ml of dilute hydrochloric acid. The insoluble matter was collected in a Gooch 
crucible, washed with hot water and ignited to constant weight. The percentage of 
acid-insoluble ash was calculated with reference to the air-dried powder. 
 
Determination of water-soluble ash:
[124]
 
The ash, obtained during total ash determination process, was boiled for 5 minutes 
with 25 ml of water. The insoluble matter was collected in a Gooch crucible, washed 
with hot water, and ignited for 15 minutes at 450ºC. The weight of the insoluble 
matter was subtracted from weight of the ash; the difference in weight represented 
water-soluble ash. The percentage of water-soluble ash was calculated with reference 
to the air-dried drug.  
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Determination of alcohol soluble extractive:
[124]
 
5 g of the air-dried wheatgrass coarsely powdered, was macerated with 100 ml of 
alcohol in a closed flask for twenty-four hours. The flask was shaked frequently 
during six hours and allowed to stand for eighteen hours. This mixture was filtered 
rapidly to prevent loss of solvent. From this filterate, 25 ml of the filtrate was 
evaporated to dryness in a flat bottomed shallow dish, and dried at 105ºC, up to 
constant weight. The percentage of alcohol-soluble extractive was calculated with 
reference to the air-dried drug. 
 
Determination of cold water extractive value:
[124]
 
Cold water extractive value was carried out as per the determination of alcohol-
soluble extractive, using chloroform water instead of ethanol. 
 
Determination of hot water extractive value: 
5 g of the air-dried wheatgrass, coarsely powdered, was macerated with 100 ml of 
chloroform water in a closed flask, for twenty-four hours, boiled at 50ºC for six hours 
and allowed to stand for eighteen hours. This mixture was filtered rapidly to prevent 
loss of solvent. From this filterate, 25 ml of the filtrate was evaporated to dryness in a 
flat bottomed shallow dish, and dried at 105ºC up to constant weight. The percentage 
of hot water-soluble extractive was calculated with reference to the air-dried drug. 
 
Determination of loss on drying:
[124]
 
10 g of powdered wheatgrass was taken in an evaporating dish. This was dried at 
105ºC for 5 hours, and weighed. Drying and weighing was continued at one hour 
interval until difference between two successive weighings corresponds to not more 
than 0.25 per cent. The difference between original weight and weight after drying in 
oven was the loss of moisture from 10 g powder. LOD was calculated with reference 
to air-dried drug powder.  
 
5.1.4 Phytochemical studies: 
Extraction process -  
For preparation of methanol extract, 100 g of fresh wheatgrass was crushed 
thoroughly, using mortar and pestle. The crushed wheatgrass was completely 
exhausted by adding small quantities of methanol several times followed by filtration, 
to yield final volume of 1 liter. Similarly, acetone and water extracts were prepared.  
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Successive extraction of wheatgrass (Triticum aestivum) was also performed. In 
successive extraction, crushed wheatgrass was exhausted by adding small quantities 
of petroleum ether several times followed by filtration, every time in a successive 
manner. Residues were again exhausted by adding benzene several times followed by 
filtration, every time in a successive manner. This process was repeated sequentially, 
with chloroform, acetone, methanol and finally with water. 
 
Qualitative chemical test for each extract:
[125]
 
Different extracts were subjected to various qualitative chemical tests, to determine 
the presence of various phytoconstituents like alkaloids, glycosides, phenolics, 
flavonoids and amino acids. 
 
Development of analytical methods for standardisation of Triticum grass 
(wheatgrass): 
Standardization was carried out using HPTLC and flame photometry methods. 
Qualitative and quantitative analysis of various active ingredients present in the 
wheatgrass were carried out by comparing it with reference standard by HPTLC 
finger printing of wheatgrass.  
 
Thin-layer chromatography and HPTLC finger printing: 
Analysis of pigments: 
Samples of methanol and acetone extracts of fresh wheatgrass and methanol solutions 
of various formulations were used for TLC and HPTLC.  
25 g of fresh wheatgrass was crushed thoroughly, using mortar and pestle. The 
crushed wheatgrass was completely exhausted by adding small quantities of methanol 
followed by filtration every time in a successive manner, to yield final volume of 100 
ml. Similarly, acetone extract was prepared by taking 25 g of fresh wheatgrass. 
Wheatgrass was crushed  and completely exhausted by adding small quantities of 
acetone followed by filtration every time in a successive manner, to yield final 
volume of 100 ml. 5 µl sample solutions were spotted on pre-coated silica gel 60 F254 
TLC plate (E. Merck) using CAMAG Linomat V automatic sample spotter. The plate 
was developed in the solvent system consisting of n-hexane: acetone: methanol (13.5: 
7: 0.25) (Figure 6.17). The plate was dried at room temperature and scanned using 
CAMAG TLC scanner 3 at UV 254 nm and Rf values, absorption spectra of resolved 
bands were recorded.  
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Analysis of vitamins: 
Preparation of standard stock solution of vitamins: 
Standard sample solutions of  various vitamins were prepared by individually 
dissolving 10 mg of Ascorbic acid, D-Biotin, Cyanocobalamine, Folic acid, Nicotinic 
acid, Pantothenic acid calcium salt, Pyridoxine hydrochoride, Riboflavin and 
Thiamine hydrochoride in 100 ml volumetric flask and volume was made up to mark 
with water. Similarly 10 mg of DL-a-Tocopherol acetate was weighed and dissolved 
in 100 ml of acetone.
[126]
 So, the final concentration of these solutions becomes 100 
µg/ml. From these stock solutions, 2 ml solution was pipette out into 10 ml 
volumetric flask and diluted up to mark with suitable solvent (i.e. water or acetone). 
So, the concentration of these solutions becomes 20 µg/ ml.  
 
Preparation of calibration curve of vitamins: 
0.5 µl (i.e.,10 ng) samples of vitamins solutions of 20 µg/ml were spotted on pre-
coated silica gel 60 F254 TLC plates (E. Merck) using Camag Linomat V (Switzerland) 
automatic sample spotter. The plates were developed in the solvent system consisting 
of n-propanol: chloroform: acetic acid: ammonia: deionised water (7:4:5:1:1).
[127]
 The 
plates were dried at room temperature and scanned using CAMAG TLC scanner 3 at 
UV 254 nm (Except Pantothenic acid calcium salt and D-Biotin, these are detected at 
210 nm) and Rf values, absorption spectra of resolved bands and their area were 
recorded. Similarly 1.0 µl (i.e., 20 ng), 2.0 µl (i.e., 40 ng), 5.0 µl (i.e., 100 ng) and 
10.0 µl (i.e., 200 ng) samples of vitamins solutions of 20 µg/ml were also spotted 
separately on pre-coated silica gel 60 F254 TLC plates (E. Merck) using CAMAG 
Linomat V (Switzerland) automatic sample spotter and chromatogram were 
developed using the same method as per 0.5 µl samples. Calibration curves were 
plotted for each vitamins using area obtained at 254 nm (Except Pantothenic acid 
calcium salt and D-Biotin, these are detected at 210 nm) (Figure 6.53-6.62).  
 
Separation and measurement of vitamins present in vitamin mixture:  
Mixtures of vitamins was prepared by pipetting 1 ml of each vitamins (Except DL-a-
Tocopherol acetate) from stock solutions (100 µg/ml) of individual vitamins 
separately and mixed together. To this 1 ml of water was added to make total quantity 
of mixture 10 ml. 5 µl of this mixture was spotted on pre-coated silica gel 60 F254 TLC 
plate (E. Merck) using CAMAG Linomat V (Switzerland) automatic sample spotter. 
The plate was developed in the solvent system consisting of n-propanol: chloroform: 
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acetic acid: ammonia: deionised water (7:4:5:1:1). The plate was dried at room 
temperature and scanned using CAMAG TLC scanner 3 at UV 254 nm and 210 nm. 
Rf values and absorption spectra of resolved bands were matched with individual 
spectrum obtained using pure vitamin samples and their area were recorded and 
concentrations of each vitamins were calculated using standard calibration curve and 
data was tabulated (Table 6.8). 
 
Separation and measurement of vitamins present in aqueous extract of 
wheatgrass: 
Aqueous extract of wheatgrass was prepared by taking 100 g of fresh wheatgrass and 
crushed thoroughly, using mortar and pestle. The crushed wheatgrass was completely 
exhausted by adding small quantities of double distilled water followed by filtration 
several times in a successive manner, to yield final volume of 1liter. This was dried at 
room temperature and this dried extract was transferred in to 50 ml volumetric flask 
and diluted up to mark with water. 50 µl of this mixture was spotted on pre-coated 
silica gel 60 F254 TLC plate (E. Merck) using CAMAG Linomat V (Switzerland) 
automatic sample spotter. The plate was developed in the solvent system consisting of 
n-propanol: chloroform: acetic acid: ammonia: deionised water (7:4:5:1:1). The plate 
was dried at room temperature and scanned using CAMAG TLC scanner 3 at UV 254 
nm and 210 nm. Rf values and absorption spectra of resolved bands were matched 
with individual spectrum obtained using pure vitamin samples and their area were 
recorded and concentrations of each vitamins were calculated using standard 
calibration curve and data was tabulated (Table 6.9). 
 
Analysis of amino acids: 
Preparation of standard stock solution of amino acids: 
Standard sample solutions of 24 amino acids were prepared by individually dissolving 
12.5 mg of 1. DL-Alanine 2. DL-2-Amino-2-butyric acid 3. L-Arginine 
monohydrochloride 4. DL-Aspartic acid 5. L-Cysteine hydrochloride 6. L-Cystine 7. 
3-(3,4-Dihydroxyphenyl) DL-Alanine 8. L-Glutamic acid 9. Glycin 10. L-Histidine 
monohydrochloride 11. L-Hydroxyproline 12. L-Leucine 13. L-Isoleucine 14. DL-
Norleucine 15. L-Lysine monohydrochloride 16. L-Methionine 17. DL-ornithine 
monohydrochloride 18. L-Proline 19. DL-Phenyl alanine 20. D-Serine 21. DL-
Threonine 22. DL-Tryptophan 23. L-Tyrosine and 24. DL-Valine in 50 ml volumetric 
flask with addition of water to make up the volume up to mark. Thus, the final 
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concentration of these solutions amounted to 250 µg/ml. From these stock solutions, 
0.4 ml solution was pipette out into 10 ml volumetric flask and diluted up to mark 
with water. The concentration of these solutions was 100 µg/ml.  
 
Preparation of calibration curve of amino acids: 
0.5 µl (i.e., 50 ng) samples of amino acid solutions of 100 µg/ml were spotted on pre-
coated silica gel 60 F254 TLC plates (E. Merck) using CAMAG Linomat V 
(Switzerland) automatic sample spotter. The plates were developed in the solvent 
system consisting of n-butanol: acetic acid: water (5:2.5:2.5).
[128]
 The plates were 
dried at room temperature. These plates were sprayed with 1% ninhydrin solution and 
plates were heated at 120
0
C for 1 hour and pink colour of this amino acid-ninhydrin 
complex was allowed to develop. These plates were scanned using CAMAG TLC 
scanner 3 at UV 475 nm and Rf values, absorption spectra of resolved bands and their 
area were recorded. Similarly 1 µl (i.e., 100 ng), 2 µl (i.e., 200 ng), 5 µl (i.e., 500 ng) 
and 10 µl (i.e., 1000 ng) samples of amino acid solutions of 100 µg/ml were also 
spotted separately on pre-coated silica gel 60 F254 TLC plates (E. Merck) using 
CAMAG Linomat V (Switzerland) automatic sample spotter and chromatogram were 
developed using the same method as per 0.5 µl samples. Calibration curves were 
plotted for each amino acid-ninhydrin complex using area obtained at 475 nm (Figure 
6.91-6.114).  
 
Separation and measurement of amino acids present in amino acids mixture:  
Mixture of amino acids was prepared by pipetting 1 ml of each amino acid from stock 
solutions of individual amino acid (250 µg/ml) separately and mixed together. 1 ml of 
water was added to make total quantity of mixture to 25 ml. 5 µl of this mixture was 
spotted on pre-coated silica gel 60 F254 TLC plate (E. Merck) using CAMAG Linomat 
V (Switzerland) automatic sample spotter. The plates were developed in the solvent 
system consisting of n-butanol: acetic acid: water (5:2.5:2.5). The plate was dried at 
room temperature. This plate was sprayed with 1% ninhydrin solution and plate was 
heated at 120
0
C for 1 hour and pink colour of this amino acid-ninhydrin complex was 
allowed to develop.  This plate was scanned using CAMAG TLC scanner 3 at UV 475 
nm and Rf values and absorption spectra of resolved bands were matched with 
individual spectrum obtained using pure amino acid samples and their areas were 
recorded and concentration of each amino acids were calculated using standard 
calibration curve and these data was tabulated (Table 6.11). 
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Separation and measurement of amino acids present in aqueous extract of 
wheatgrass:  
Aqueous extract of wheatgrass was prepared by taking 100 g fresh wheatgrass and 
crushed thoroughly, using mortar and pestle. The crushed wheatgrass was completely 
exhausted by adding small quantities of double distilled water followed by filtration 
several times in a successive manner, to yield final volume of 1 liter. 5 µl of this 
mixture was spotted on pre-coated silica gel 60 F254 TLC plate (E. Merck) using 
CAMAG Linomat V (Switzerland) automatic sample spotter. The plate was 
developed in the solvent system consisting of n-butanol: acetic acid: water (5:2.5:2.5). 
The plate was dried at room temperature. This plate was sprayed with 1% ninhydrin 
solution and it was heated at 120
0
C for 1 hour and pink colour of this amino acid - 
ninhydrin complex was allowed to develop. This plate was scanned using CAMAG 
TLC scanner 3 at UV 475 nm and Rf values and absorption spectra of resolved bands 
were matched with individual spectrum obtained using pure amino acid samples and 
their areas were recorded and concentration of each amino acids were calculated using 
standard calibration curve and data was tabulated (Table 6.12). 
 
5.2 Determination of minerals in various extracts of wheatgrass using 
flamephotometry: 
Instruments, reagents and glassware used: 
Flame Photometer Systronic 129, FPM compressor 126, volumetric flasks, glass 
pipettes: 1, 2, 10 ml, ten 50 ml beaker for aspirating solutions, mixed standards of 
Na
+
, K
+
, Ca
+2
 and Li
+2
. 
Flame Photometer Systronic 129 is a microprocessor based unit designed for medical 
application. The microprocessor provides automation in operation, measurement and 
end-result presentation. The unit can do the estimation of sodium (Na
+
), potassium 
(K
+
), lithium (Li
+
) and calcium (Ca
+2
) in single aspiration of a sample.
[126]
 
 
Preparation of dried wheatgrass powder: 
For preparation of dried wheatgrass powder, fresh wheatgrass was dried at room 
temperature in a dark room. The dried wheatgrass after 3-4 days of drying period was 
powdered in a mill. 
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Preparation of various extract: 
For preparation of methanol extract, dried powder obtained from 100 g fresh 
wheatgrass was crushed thoroughly, using mortar and pestle. The crushed wheatgrass 
was completely exhausted by adding small quantities of methanol followed by 
filtration several times in a successive manner, to yield final volume of 1 liter. 
Similarly for the preparation of aqueous extract, dried powder obtained from 100 g of 
fresh wheatgrass was crushed thoroughly, using mortar and pestle. The crushed 
wheatgrass was completely exhausted by adding small quantities of double distilled 
water and filtering off every time in a successive manner, to yield final volume of 1 
liter. 
 
Preparation of mixed standard solutions: 
Mixed standard solution of Na
+
, K
+
, Ca
+2
 and Li
+2
 were prepared by dissolving 254.2 
mg of NaCl, 190.6 mg of KCl, 276.9 mg of CaCl2 and 184.3 mg of Li2SO4.H2O in 1 
litre of methanol, so it gives 100 ppm (4.35 millimole/liter) of Na
+
, 100 ppm (2.558 
millimole/liter) of K
+
, 100 ppm (2.495 millimole/liter) of Ca
+2
 and 20 ppm (2.88 
millimole/liter) of Li
+2
 solution. 
Similarly mixed standard solution of above elements were also prepared using double 
distilled water as a solvent in a same concentration as that of methanol. 
 
Measurement procedure: 
Sample of wheatgrass extracts were analysed for element detection using mixed 
standard and double distilled water as a reference. For methanol extract of wheatgrass, 
mixed standards prepared in methanol was used and for water extract, mixed 
standards prepared from double distilled water was used. 
Here instrument has given concentration of elements in millimole/liter. From this, 
amount of elements present in terms of mg/100 g fresh wheatgrass were calculated. 
 
Calculation: 
ppm = mmol of ion x molecular weight 
mg of ion present in 10 g of dry wheatgrass powder =  
(obtained from 100 g fresh wheatgrass)                       
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5.3 Anti-inflammatory activity: 
Extraction of plant material: 
For preparation of methanol extract, dried powder obtained from 100 g of fresh 
wheatgrass was crushed thoroughly, using mortar and pestle. The crushed wheatgrass 
was completely exhausted by adding small quantities of methanol followed by 
filtration several times in a successive manner, and allowed drying to yield dried 
extract. 
Similarly for the preparation of aqueous and acetone extract, dried powder obtained 
from 100 g fresh wheatgrass was crushed thoroughly, using mortar and pestle. The 
crushed wheatgrass was completely exhausted by adding small quantities of double 
distilled water and acetone respectively followed by filtration several times in a 
successive manner, and allowed drying to yield dried extract. 
 
Animals: 
Albino wistar rats weighing between 150-200 g and maintained under standard 
condition in the animal house of the college were used for the study. All the animals 
were fasted overnight with water.
[129]
 
 
Carrageenan induced rat paw edema: 
Twenty albino wistar rats of either sex were divided into five groups. Group 1 
received normal saline and served as control. Group 2 received diclofenac sodium (5 
mg/kg) and served as standard. Group 3, 4 and 5 received acetone, methanol and 
aqueous extract respectively. One hour after the administration (as per the 
experimental protocol), 0.05 ml of 1% carrageenan solution was introduced by sub 
cutaneous route of the right hind paw of all animals.
[129-136]
 For the assessment of anti-
inflammatory activity, the volume of paw was measured with the help of mercury 
plethysmometer at 0 h and at 1 h interval for a period of five hours and at 24 hours 
after the carrageenan treatment.
[137]
 
Difference in paw volume (edema) was measured in each group and % inhibition was 
calculated. 
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Figure 5.1: Plethysmometer 
5.4 Antiulcer activities:
[138][139]
 
Preparation of wheatgrass juice:   
For preparation of wheatgrass juice, 100 g fresh wheatgrass was crushed with little 
water and filtered to make 100 ml filtrate. 
 
Animals: 
Wistar rats, weighing 250-300 g, were deprived of food, 18 hour prior to the 
experiment, but were allowed free access to water.
[140-141]
 
 
Ethanol induced mucosal damage in rats (cytoprotective activity): 
Wistar rats weighing 250-300 g were deprived of food 18 hour prior to the experiment 
but were allowed free access to water. Animals of either sex were divided into four 
groups, each consisting of six rats. One group represented the control group (saline, 
orally), second group received absolute ethanol (90%), third group received 
wheatgrass juice (1 ml) while, omeprazole (in the dose of 20 mg/kg)
[142n,143] 
was 
administered orally, to the fourth group, as reference standard drug. During this time 
the animals were housed in restraining cages, to prevent coprophagy. The rats were 
administered wheatgrass juice, 30 minute prior to administration of 1 ml absolute 
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ethanol. One hour after administration of ethanol, animals were euthanized with 
chloroform, stomachs were excised, cut along the greater curvature, and gently rinsed 
under tap water. The stomachs were stretched on a wax tray. Ulcer index was 
determined, using following formula: 
Ulcer index = 10/x, where "x" is total mucosal area/total ulcerated area.
[144-145] 
 
5.5 Preparation of wheatgrass formulations:  
Preparation of wheatgrass extracts:  
Wheat grains of Triticum aestivum variety were acquired and sown in plain soil 
without using any type of fertilizer. The wheatgrass was grown under specially 
constructed shades. The grass was harvested after 8 days from sprouting and shade-
dried in well-ventilated dark rooms for 4 days. Dried wheatgrass was powdered in a 
mill. The crushed wheatgrass was completely exhausted by adding small quantities of 
methanol and filtering off every time in a successive manner. This extract was 
evaporated to dryness at 35
0
C to remove methanol. Wheatgrass vatis (F1) were 
manufactured in a pharmaceutical tablet unit by adding suitable binders and 
excipients to this dried methanol extract. 
Similarly successive extraction was also done. In successive extraction, crushed 
wheatgrass was exhausted by adding small quantities of petroleum ether followed by 
filtration several times in a successive manner. Filtrate was evaporated to remove 
petroleum ether and residues were again exhausted by adding acetone few times. Here 
also filtrate was evaporated and residues were exhausted with methanol and then after 
with water and each times filtrate was evaporated. Here powder obtained in 
successive extraction from petroleum ether, acetone, methanol and water extracts 
were combined and used for preparation of vati. Wheatgrass vatis (F2) were 
manufactured in a pharmaceutical tablet unit by adding suitable binders and 
excipients. 
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Procedure for wheatgrass vati preparation:
[146]
 
Table 5.1: Formula for vati preparation 
Formula for vati prepared from 
methanol extract (F1): 
Formula for vati prepared from 
whole extract (F2): 
Ingredients Quantity Ingredients Quantity 
Methanol extract of 
wheatgrass 
1.67 g Wheatgrass extract  4.83 g * 
Mannitol 1.0 g Mannitol 1.27 g 
Methyl paraben (%) 0.5  Methyl paraben (%) 0.5  
Starch paste (2 %) as a 
binder 
Q.s. Starch paste (2 %) as 
a binder 
q.s. 
Talc (%) 2 Talc (%) 2 
* Combined extract obtained in successive extraction of wheatgrass =  
Petroleum ether extract (0.08 g) + Acetone extract (0.75 g) + Methanol extract (1.5 
g) + Water extract (2.5 g) = 4.83 g (obtained from 100 g fresh wheatgrass) 
Wheatgrass extract was mixed with required amount of mannitol and methyl paraben. 
Starch paste was added to make damp mass. This mass was passed from 20 # sieve to 
prepared granules. Granules were dried in an oven at around 35
0
C for 30 min. 
Granules were mixed with talc and tablets were prepared by filling sufficient quantity 
of granules in die cavity of tablet punching machine. 
 
Quality control tests for wheatgrass vati: 
These vatis were analysed by various evaluation parameters like thickness, hardness, 
weight variation, disintegration time, friability and its various contents using standard 
methods.
[147-149]
 
 
Analysis of pigments: 
Both wheatgrass vatis (F1 & F2) were crushed thoroughly, using mortar and pestle 
separately. The crushed wheatgrass vati powder, equivalent to 25 g of fresh 
wheatgrass (for F1 = 0.684 g & for F2 = 1.526 g vati powder) were completely 
exhausted by adding small quantities of methanol and filtering off every time in a 
successive manner, to yield final volume of 100 ml. 5 µl sample from both solutions 
were spotted (F1: Track 5, F2: Track 2) on pre-coated silica gel 60 F254 TLC plates (E. 
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Merck) using CAMAG Linomat V automatic sample spotter. The plates were 
developed in the solvent system consisting of n-hexane: acetone: methanol 
(13.5:7:0.25) (Figure 6.17). The plates were dried at room temperature and scanned 
using CAMAG TLC scanner 3 at UV 254 nm. Rf values and absorption spectra of 
resolved bands were recorded.  
Similarly six months old vatis were also analysed for determination of amount of 
pigments present. Area found for each pigment was compared with that of methanol 
and acetone extract of fresh wheatgrass and with freshly prepared formulation to 
determine stability of pigments in formulations (Figure 6.123).  
 
Separation and measurement of vitamins present in aqueous extract of 
wheatgrass vati:  
F1: 
Newly prepared 3 Vatis of methanol extract of wheatgrass equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 50 ml water, filtered and filtrate 
was used for HPTLC analysis. 50 µl of this mixture was spotted on the TLC plates (E. 
Merck) using CAMAG Linomat V (Switzerland) automatic sample spotter. The plates 
were developed in the solvent system consisting of n-propanol: chloroform: acetic 
acid: ammonia: deionised water (7:4:5:1:1). The plates were dried at room 
temperature and scanned using CAMAG TLC scanner 3 at UV 254 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure vitamin samples and their area were recorded and concentrations of each 
vitamins were calculated using standard calibration curve and data was tabulated 
(Table 6.29). 
Six months old 3 vatis of methanol extract of wheatgrass, equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 50 ml water, filtered and filtrate 
was used for HPTLC analysis. 50 µl of this mixture was spotted on the TLC plates (E. 
Merck) using CAMAG Linomat V (Switzerland) automatic sample spotter. The plates 
were developed in the solvent system consisting of n-propanol: chloroform: acetic 
acid: ammonia: deionised water (7:4:5:1:1). The plates were dried at room 
temperature and scanned using CAMAG TLC scanner 3 at UV 254 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure vitamin samples and their area were recorded and concentrations of each 
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vitamins were calculated using standard calibration curve and data was tabulated 
(Table 6.31). 
 
F2: 
Newly prepared 6 vatis of whole extract of wheatgrass, equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 50 ml water, filtered and filtrate 
was used for HPTLC analysis. 50 µl of this mixture was spotted on the TLC plates (E. 
Merck) using CAMAG Linomat V (Switzerland) Automatic Sample Spotter. The 
plates were developed in the solvent system consisting of n-propanol: chloroform: 
acetic acid: ammonia: deionised water (7:4:5:1:1). The plates were dried at room 
temperature and scanned using CAMAG TLC scanner 3 at UV 254 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure vitamin samples and their area were recorded and concentrations of each 
vitamins were calculated using standard calibration curve and data was tabulated 
(Table 6.39). 
Six months old 6 vatis of whole extract of wheatgrass equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 50 ml water, filtered and filtrate 
was used for HPTLC analysis. 50 µl of this mixture was spotted on the TLC plates (E. 
Merck) using CAMAG Linomat V (Switzerland) automatic sample spotter. The plates 
were developed in the solvent system consisting of n-propanol: chloroform: acetic 
acid: ammonia: deionised water (7:4:5:1:1). The plates were dried at room 
temperature and scanned using CAMAG TLC scanner 3 at UV 254 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure vitamin samples and their area were recorded and concentrations of each 
vitamins were calculated using standard calibration curve and data was tabulated 
(Table 6.41). 
 
Separation and measurement of amino acids present in aqueous extract of 
wheatgrass vati:  
F1: 
Newly prepared 3 vatis of methanol extract of wheatgrass equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 1000 ml water, filtered and filtrate 
was used for HPTLC analysis. 5 µl of this mixture was spotted on pre-coated silica 
gel 60 F254 TLC plates (E. Merck) using CAMAG Linomat V (Switzerland) automatic 
sample spotter. The plate was developed in the solvent system consisting of n-
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butanol: acetic acid: water (5:2.5:2.5). The plate was dried at room temperature. This 
plate was sprayed with 1% ninhydrin solution and it was heated at 120
0
C for 1 hour 
and pink colour of this amino acid-ninhydrin complex was allowed to develop. This 
plate was scanned using CAMAG TLC scanner 3 at UV 475 nm and Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure amino acid samples and their area were recorded and concentration of each 
amino acids were calculated using standard calibration curve and data was tabulated 
(Table 6.30). 
Six months old 3 vatis of methanol extract of wheatgrass equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 1000 ml water, filtered and filtrate 
was used for HPTLC analysis. 5 µl of this mixture was spotted on pre-coated silica 
gel 60 F254 TLC plates (E. Merck) using CAMAG Linomat V (Switzerland) automatic 
sample spotter. The plate was developed in the solvent system consisting of n-
butanol: acetic acid: water (5:2.5:2.5). The plate was dried at room temperature. This 
plate was sprayed with 1% ninhydrin solution and plate was heated at 120
0
C for 1 
hour and pink colour of this amino acid-ninhydrin complex was allowed to develop. 
This plate was scanned using CAMAG TLC scanner 3 at UV 475 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure amino acid samples and their area were recorded and concentration of each 
amino acids were calculated using standard calibration curve and data was tabulated 
(Table 6.32). 
 
F2: 
Newly prepared 6 vatis of whole extract of wheatgrass, equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 1000 ml water, filtered and filtrate 
was used for HPTLC analysis. 5 µl of this mixture was spotted on pre-coated silica 
gel 60 F254 TLC plates (E. Merck) using CAMAG Linomat V (Switzerland) automatic 
sample spotter. The plate was developed in the solvent system consisting of n-
butanol: acetic acid: water (5:2.5:2.5). The plate was dried at room temperature. This 
plate was sprayed with 1% ninhydrin solution and plate was heated at 120
0
C for 1 
hour and pink colour of this amino acid-ninhydrin complex was allowed to develop. 
This plate was scanned using CAMAG TLC scanner 3 at UV 475 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure amino acid samples and their area were recorded and concentration of each 
MATERIALS AND METHODS 
 
 Page 77 
 
amino acids were calculated using standard calibration curve and data was tabulated 
(Table 6.40). 
Six months old 6 vatis of whole extract of wheatgrass equivalent to 100 g fresh 
wheatgrass was weighed, crushed and dissolved in 1000 ml water, filtered and filtrate 
was used for HPTLC analysis. 5 µl of this mixture was spotted on pre-coated silica 
gel 60 F254 TLC plates (E. Merck) using CAMAG Linomat V (Switzerland) automatic 
sample spotter. The plate was developed in the solvent system consisting of n-
butanol: acetic acid: water (5:2.5:2.5). The plate was dried at room temperature. This 
plate was sprayed with 1% ninhydrin solution and plate was heated at 120
0
C for 1 
hour and pink colour of this amino acid-ninhydrin complex was allowed to develop. 
This plate was scanned using CAMAG TLC scanner 3 at UV 475 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure amino acid samples and their area were recorded and concentration of each 
amino acids were calculated using standard calibration curve and data was tabulated 
(Table 6.42). 
 
Preparation of wheatgrass gel: 
[150]
 
The gelling agent used in the preparation of the formulations was carbopol 940. The 
gels were prepared with varying amount of the carbopol 940 polymer on trial and 
error basis, and final concentration of polymer selected was 1 g per 100 g gel.  
Table 5.2: Formula for wheatgrass Gel 
Ingredients Quantity 
Carbopol 940 1 g 
Wheatgrass extract  4.83 g * 
Co-solvent mixture 20 ml 
Glycerin 15 ml 
Sodium hydroxide solution (1%) q.s. 
Methyl paraben 0.5 g 
Eucalyptus oil q.s. 
Malachite green q.s. 
Distilled water  up to 100 g 
* Combined extract obtained in successive extraction of wheatgrass = Petroleum 
ether extract (0.08 g) + Acetone extract (0.75 g) + Methanol extract (1.5 g) + Water 
extract (2.5 g) = 4.83 g  
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The required amount of carbopol 940 was added in to distilled water with vigorous 
stirring and left for overnight for proper dissolving of the polymer. The required 
amount of wheatgrass extract obtained after successive extraction was dissolved in the 
co-solvent mixture of alcohol and propylene glycol. Required quantity of methyl 
paraben as a preservative was also added into this mixture. This mixture was slowly 
dispersed in the carbopol 940 dispersion with vigorous mixing at 300 rpm. The beaker 
was covered with aluminium foil and left mixing for approximately 15 minutes. The 
mixture was also homogenised with a homogenizer for 5 minutes at low speed. After 
complete addition of the polymer and proper mixing, the pH was adjusted at 7 with 
the addition of sodium hydroxide solution (1%) and gels were spontaneously formed. 
To this gel, required amount of glycerin, perfume (eucalyptus oil) and colorant was 
added. The gel was left at room temperature to set. The air bubbles produced during 
mixing were removed from gel by keeping it on ultrasonicator for 15 min. 
 
Quality control tests for wheatgrass gel:
[150-152]
 
Measurement of pH: 
The pH of wheatgrass gel was determined by using digital pH meter. One gram of gel 
was dissolved in 100 ml distilled water and stored for two hours. The measurement of 
pH of each formulation was done in triplicate and average value was calculated.  
 
Viscosity study: 
The measurement of viscosity of the prepared gel was done with a Brookfield 
viscometer. The gels were rotated at 50 rotations per minute. At each speed, the 
corresponding dial reading was noted. The viscosity of the gel was obtained by 
multiplication of the dial reading with factor given in the Brookfield viscometer 
catalogues.  
 
Drug content: 
The gel was analysed for its contents of pigments, amino acids and vitamins. 
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Analysis of pigments: 
Wheatgrass gel equivalent to 25 g of fresh wheatgrass (i.e., 25 g wheatgrass gel) 
weighed and dissolved in 100 ml methanol. 5 µl sample solution was spotted (Figure 
6.17, Track 4) on pre-coated silica gel 60 F254 TLC plates (E. Merck) using CAMAG 
Linomat V automatic sample spotter. The plate was developed in the solvent system 
consisting of n-hexane: acetone: methanol (13.5: 7: 0.25) (Figure 6.17). The plate was 
dried at room temperature and scanned using CAMAG TLC scanner 3 at UV 254 nm. 
Rf values and absorption spectra of resolved bands were recorded.  
Similarly six months old wheatgrass gel equivalent to 25 g of fresh wheatgrass (i.e., 
25 g wheatgrass gel) weighed and dissolved in 100 ml methanol. 5 µl sample solution 
was spotted (Figure 6.123, Track 2) on pre-coated silica gel 60 F254 TLC plates (E. 
Merck) using CAMAG Linomat V automatic sample spotter. The plate was developed 
similarly as per freshly prepared gel (Figure 6.123).  
Separation and measurement of vitamins present in aqueous extract of 
wheatgrass gel:  
Freshly prepared 10 g gel, equivalent to 10 g fresh wheatgrass was weighed and 
dissolved in 50 ml water, shaked for 1 hour, filtered and filtrate was used for HPTLC 
analysis. 50 µl of this mixture was spotted on TLC plates (E. Merck) using CAMAG 
Linomat V (Switzerland) automatic sample spotter. The plates were developed in the 
solvent system consisting of n-propanol: chloroform: acetic acid: ammonia: deionised 
water (7:4:5:1:1). The plates were dried at room temperature and scanned using 
CAMAG TLC scanner 3 at UV 254 nm. Rf values and absorption spectra of resolved 
bands were matched with individual spectrum obtained using pure vitamin samples 
and their area were recorded. Concentrations of each vitamins were calculated using 
standard calibration curve and data was tabulated (Table 6.45). 
Six months old 10 g gel, equivalent to 10 g fresh wheatgrass was also analysed 
similarly as per freshly prepared gel. Rf values and absorption spectra of resolved 
bands were matched with individual spectrum obtained using pure vitamin samples 
and their area were recorded. Concentrations of each vitamins were calculated using 
standard calibration curve and data was tabulated (Table 6.47). 
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Separation and measurement of amino acids present in aqueous extract of 
wheatgrass vati:  
Newly prepared 10 g of wheatgrass gel, equivalent to 10 g fresh wheatgrass was 
weighed and dissolved in 1000 ml water, shaked for 1 hour, filtered and filtrate was 
used for HPTLC analysis. 5 µl of this mixture was spotted on pre-coated silica gel 60 
F254 TLC plates (E. Merck) using CAMAG Linomat V (Switzerland) automatic 
sample spotter. The plate was developed in the solvent system consisting of n-
butanol: acetic acid: water (5:2.5:2.5). The plate was dried at room temperature. This 
plate was sprayed with 1% ninhydrin solution and plates was heated at 120
0
C for 1 
hour and pink colour of this amino acid-ninhydrin complex was allowed to develop. 
This plate was scanned using CAMAG TLC scanner 3 at UV 475 nm and Rf values 
and absorption spectra of resolved bands were matched with individual spectrum 
obtained using pure amino acid samples and their area were recorded. Concentration 
of each amino acids were calculated using standard calibration curve and data was 
tabulated (Table 6.46). 
Six months old 10 g of wheatgrass gel, equivalent to 10 g fresh wheatgrass was 
weighed and dissolved in 1000 ml water, shaken for 1 hour, filtered and filtrate was 
used for HPTLC analysis. 5 µl of this mixture was spotted on pre-coated silica gel 60 
F254 TLC plates (E. Merck) using CAMAG Linomat V (Switzerland) automatic 
sample spotter. The plate was developed in the solvent system consisting of n-
butanol: acetic acid: water (5:2.5:2.5). The plate was dried at room temperature. This 
plate was sprayed with 1% ninhydrin solution and plate was heated at 120
0
C for 1 
hour and pink colour of this amino acid-ninhydrin complex was allowed to develop. 
This plate was scanned using CAMAG TLC scanner 3 at UV 475 nm. Rf values and 
absorption spectra of resolved bands were matched with individual spectrum obtained 
using pure amino acid samples and their area were recorded. Concentration of each 
amino acid was calculated, using standard calibration curve and data was tabulated 
(Table 6.48). 
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6. RESULTS 
6.1 Pharmacognostic studies: 
 
 
Figure 6.1: Triticum aestivum leaves 
 
6.1.1  Macroscopic examination: (Figure 6.1) 
In our investigation, certified samples of Triticum aestivum, Triticum durum and 
Triticum dicoccum were used to grow wheatgrass in plastic trays as per the standard 
procedure. In confirmation with the description in literature; the leaves were near 
glabrous, auriculate, with blades narrow to broadly linear, 2-20 mm wide, flat and 
without cross venation.
[39]
 The leaf blade was linear and parallel-veined with mid rib 
projecting on the back, continuing someway along the sheath. 
 
6.1.2 Microscopic examination: (Figure 6.2,6.3,6.4,6.5,6.6,6.7) 
Microscopic studies of transverse sections, surface preparations and powder studies of 
three varieties of wheatgrass viz Triticum aestivum, Triticum durum and Triticum 
dicoccum were conducted using high-resolution microscope. The structure of wheatgrass 
leaf showed elaborate epidermis with characteristic stomata and trichomes, green 
assimilating parenchyma, conducting vascular bundles and longitudinal strands of 
fibrous stereome or supporting tissue.  
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Quantitative microscopy of Triticum aestivum leaf: 
The leaves were subjected to determinations of various constants as numerical values 
using reported method.
[47]
 Results obtained are as per below table. 
Table 6.1: Quantitative microscopy of Triticum aestivum leaf 
Sr. no. Parameters Lower epidermis 
1 Stomatal number 40 ± 2 
2 Stomatal index 15.7 ± 2.5 µ 
3 Vein islet number 3 to 4  
4 Average palisade ratio 13.27 
5 Trichome length 130.34 ± 15.55 µ 
6 Stomatal diameter 36.75 µ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2:  Surface preparation of Triticum durum 
1 
2 
3 
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Figure 6.3: Surface preparation of Triticum dicoccum 
 
2 
3 
4 
5 
1. Unicellular trichome    
2. Stereome fiber    
3. Double raw of stomata    
4. Rows of motor cells  
5. Calcium oxalate crystal 
Figure 6.4:  Surface preparation of Triticum aestivum 
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Figure 6.6:  Surface preparation of Triticum aestivum showing stomata  
 
Figure 6.5: Surface preparation of Triticum aestivum showing unicellular trichomes 
 
Figure 6.7: Surface preparation of Triticum aestivum 
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Transverse section of Triticum leaf (General description): 
On the upper surface of the leaf there was a series of longitudinal ridges or ribs, the 
lower surface being almost flat. The epidermal cells covering the ridges differed in form 
and arrangement from those over the furrows and along the edge of the leaf. Running 
along the summit of each ridge there was a single row of elongated thick-walled and 
pitted cells alternating with hairs. On the flank of the ridge, right and left of the central 
line, there were three to five rows of long cells interspersed with short one and hairs. 
Parallel to these, at the base of the ridge, were single or double lines of stomata. In the 
furrow between two ridges there was a band of three to seven rows of elongated cells, 
whose walls were thinner. They were not distinctly parallel to each other are bulliform 
cells or motor cells. The trichomes or hairs were always unicellular, and varied in length 
and stoutness. Some of them were blunt on the edges of older leaves where as others 
were short and stout, 20-30  long, with fine curved points rendering the surface scabrid. 
On the leaves of T. aestivum, ample numbers of hairs were present, while in T. dicoccum 
and T. durum they were sparsely distributed on the surface of the leaf. These were 
usually more on the upper epidermis than the lower epidermis. Each stoma on the leaf 
consisted of four cells, the two guard cells being narrow, with specially thickened walls 
round the stomatal pore and thin-walled widely dilated ends: the pore when closed 
appears as a narrow slit 30-40  long. The ratio of the number of stomata on the upper 
and lower epidermis respectively was about 10:7. In the transverse section the pores of 
the stomata were seen to be in communication with large intracellular cavities in the 
mesophyll, called lacune.  The parenchyma of the leaf consists chiefly of thin-walled 
assimilating tissue, containing lenticular chloroplasts 4.5-6  in diameter. The cells of 
the chlorophyll-containing tissue in the central part of the leaf were much more irregular 
in shape and are loosely packed, with large intracellular spaces between them. 
Chloroplasts were especially present in the subepidermal layers. In each cell on the 
outside of stereome, and between the vascular bundles, there was a single crystal or 
cluster of crystals of calcium oxalate. Vascular bundles were somewhat nearer to the 
lower surface than the upper surface of the leaf. All vascular bundles were collateral, 
with the xylem towards the upper surface of the leaf and the phloem bellow. In the 
xylem there were one or two vessels 20  in diameter with annular or spiral thickening 
with narrow elliptical pits. Each bundle was surrounded by an inner and outer sheath; the 
former (the ‘mestome’) enclosed the vascular strand, and was composed of elongated 
thick-walled cells; the outer or ‘parenchyma sheath’ was more conspicuous and 
consisted of thin-walled cells, almost circular in transverse section. Above and below the 
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bundles, and arranged parallel with them along the leaf were strands of stereome or 
supporting tissue consisting of sclerenchymatous fibers.  
 
Differentiating characters among transverse sections of leaf of various species of 
Triticum : 
Transverse section of T. durum leaf -  
Trichomes were almost absent or very rare but stomata were more in number than other 
varities. Lower epidermal cells had more motor cells in comparison to upper one. Lower 
portion of median vein was more bulging than other species. Xylem vessels were more 
in number than in other species. Outer sheath of vascular bundles were incomplete 
(Figure 6.8 and 6.11).  
 
Transverse section of T. dicoccum leaf - 
Motor cells were not seen clearly. Outer sheath of vascular bundle was incomplete and 
parenchymatous cells of the sheath were smaller than other species. Xylem vessels were 
2-3 in number. Each ridge had almost one row of simple pointed trichomes (Figure 6.9 
and 6.12).    
 
Transverse section of T. aestivum leaf - 
It had more number of trichomes than other species, mostly in lower epidermis. Motor 
cells were clearly seen, almost equal in size on both the sides. The parenchymatous cells 
of outer bundle sheath were larger and also more in number than other varities. The cells 
of epidermis were nearly circular in shape. The medial vein was broader than other 
species. Xylem vessels were 4-5 in number. Outer sheath of vascular bundle was 
complete (Figure 6.10 and 6.13).   
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Transverse sections (Diagrammatic) of different species of Triticum -  
 
 
Figure 6.8:  Transverse section (Diagrammatic) of Triticum durum 
 
Figure 6.9:  Transverse section (Diagrammatic) of Triticum dicoccum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Ridge           
2. Vascular Bundle               
3. Outer epidermis    
4. Inner epidermis 
5. Trichome 
Figure 6.10: Transverse section (Diagrammatic) of Triticum aestivum 
3 4 1 2 5 
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Transverse sections (Cellular) of different species of Triticum -  
1 5 3 7 9 2 6 4 8 10 
12 11 
Figure 6.11: Transverse section (Cellular) of Triticum durum 
Figure 6.12: Transverse section (Cellular) of Triticum dicoccum 
1 5 
3 
7 
2 
6 4 8 10 
12 
11 
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Powder characters of Triticum aestivum : 
Epidermal cells in surface view were elongated and rectangular having few numbers of 
stomata. Trichomes were simple, uniseriate, unicellular and long with pointed end and 
swollen bases. Smaller ones were hook-shaped with broad base while longer trichomes 
were more in number than smaller ones. Fibers were scattered here and there, found as 
single or in groups. They were thin-walled and lignified. Vessels were single or together 
in groups of 2-3, pitted, reticulated and annular type. Pitted vessels were more in number 
(Figure 6.14).  
Triticum durum differed in trichomes only, which were simple, unicellular and uniseriate 
but were smaller in size than T. aestivum. Fibers were more in number and reticulated 
vessels were almost absent (Figure 6.15).  
Triticum dicoccum differed from both varities in following characters –  
Trichomes were simple, unicellular and uniseriate but of both the sizes i.e. smaller and 
longer in length. Fibers were broader than other two samples. Only one type of vessels 
i.e. annular was present (Figure 6.16). 
 
 
 
 
 
Figure 6.13: Transverse section (Cellular) of Triticum aestivum 
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Figure 6.14: Characters of T. aestivum powder 
1. Reticulated vessels 
2. Group of fibers 
3. Hook-shaped trichome 
4. Pitted vessels with pitted parenchyma 
5. Broken trichome 
6. Epidermis in surface view with stomata 
7. Uniseriate, unicellular simple trichome 
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1 2 3 4 5 
6 7 8 
Figure 6.15: Characters of T. durum powder 
1. and 2. Stomata in scattered form 
3. Thin walled fibers 
4. Pitted vessels 
5. Xylem vessels associated with fibers and parenchyma 
6. and 7. Uniseriate, unicellular simple trichomes  
8. Epidermis of the leaf overlapped with palisade cells 
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Figure 6.16: Characters of T. dicoccum powder 
1. and 2. Trichomes 
3. Broken trichome  
4. Thin walled fibers   
5. Stomata  
6. Epidermal cells with trichome  
7. Xylem vessels attached with thin walled fibers and parenchyma   
8. Palisade cells  
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6.1.3  Proximate analysis: 
Proximate analysis of plant materials was carried out by reported methods.
[124-125]
 
The results obtained from various determinations are compiled in Table 6.2. 
  
Table 6.2: Proximate analysis of leaf of Triticum aestivum 
Sr. no. Determinations Average values %w/w* 
1 Loss on drying 18.5 
2 Total ash 15 
3 Acid insoluble ash 3.35 
4 Water-soluble ash 7.7 
5 Alcohol extractive value 16.7 
6 Water extractive value 
Hot water extractive value 31.1 
Cold water extractive value 26.6 
The values given here are expressed as % w/w of air-dried material.  
*Results are expressed as average of three readings.  
6.2 Phytochemical studies:  
6.2.1 Qualitative chemical test for each extract: 
The extracts, were subjected to various qualitative chemical tests to determine the 
presence of various phytoconstituents like alkaloids, glycosides, flavonoids, 
proteins/amino acids, phenolics and tannins. The results are reported in Table 6.3. 
Table 6.3: Qualitative chemical test of different extracts of leaf of T. aestivum 
Class of compound TCM TCW TCA TSW TSM TSA TSC TSB TSPE 
Alkaloids          
Cardiac glycoside          
Phenolics +++ + + ++ + ++    
Flavonoids + +  + +     
Proteins & amino 
acids 
+ + + + + +    
  
Where, + = Positive,  = Negative,  
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TCM - Crude methanol extract of Triticum aestivum leaf 
TCW - Crude water extract of Triticum aestivum leaf 
TCA - Crude acetone extract of Triticum aestivum leaf  
TSW- Successive water extract of Triticum aestivum leaf 
TSM - Successive methanol extract of Triticum aestivum leaf 
TSA- Successive acetone extract of Triticum aestivum leaf  
TSC- Successive chloroform extract of Triticum aestivum leaf 
TSB- Successive benzene extract of Triticum aestivum leaf 
TSPE- Successive petroleum ether extract of Triticum aestivum leaf 
Thus leaf showed presence of phenolics, flavonoids and amino acids. 
6.2.2 Thin layer chromatography:  
HPTLC fingerprinting of wheatgrass species and formulations (Quantitative):   
The quantitative HPTLC was carried out on wheatgrass formulations for presence of 
various constituents (Figure 6.17). For this purpose methanol extracts were prepared at 
maximum concentration. For quantitative estimation, methanol extracts of equivalent 
amounts of these formulations were subjected to quantitative HPTLC. Chromatograms 
(tracks) of the formulations or species were recorded (Table 6.4).  
                         
Figure 6.17: TLC of various extracts of wheatgrass 
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Table 6.4: TLC of various extracts of wheatgrass 
Track no. Type of extract 
1 Fresh methanol extract of wheatgrass 
2 Methanol extract of wheatgrass vati-F2  (prepared from whole extract)   
3 Old methanol extract of wheatgrass 
4 Methanol extract of wheatgrass gel  (prepared from whole extract)   
5 Methanol extract of wheatgrass vati-F1  (prepared from dried methanol extract)   
6 Fresh acetone extract of wheatgrass 
 
        TLC of methanol extract of fresh wheatgrass (Track 1) and methanol extract of 
wheatgrass vati prepared from methanol extract (Track 5) were carried out.  It showed 13 
spots at different Rf values viz. (1) 0.03 (orange) (2) 0.17 (light green) , (3) 0.23 (light 
green), (4) 0.30 (yellow), (5) 0.34 (yellow), (6) 0.44 (green), (7) 0.51 (green), (8) 0.58 
(light green), (9) 0.64 (dark green), (10) 0.69 (yellowish green) (11) 0.71 (light grey), 
(12) 0.84 (grey), (13) 0.95 (orange). Similarly 1 year old methanol extract (Track 3) 
showed 10 spots. 
Methanol extract of wheatgrass topical gel (Track 4) showed 17 spots and methanol 
extract of wheatgrass vati prepared from whole extract (Track 2) showed 17 spots. 
Acetone extract of fresh wheatgrass (Track 6) were also carried out and chromatograms 
(tracks) were recorded.  
Acetone extract showed 13 spots at different Rf values viz. (1) 0.02 (orange) (2) 0.06 
(light green) , (3) 0.21 (yellowish green), (4) 0.29 (yellow), (5) 0.33 (green), (6) 0.37 
(light green), (7) 0.45 (green), (8) 0.52 (green), (9) 0.57 (green), (10) 0.71 (green), (11) 
0.72 (light grey), (12) 0.84 (grey), (13) 0.94 (orange). 
Area under curve of different components were measured in chromatogram (track) of 
each formulation (Figure 6.19-6.24) and analyzed for comparison with that of fresh 
wheatgrass (Table 6.5-6.6).  
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         Figure 6.18: 3-D Chromatogram for various extracts of wheatgrass at 254 nm 
 
 
Figure 6.19:  HPTLC (Quantitative) - Chromatogram of track 1 at 254 nm wavelength 
 
Figure 6.20: HPTLC (Quantitative) - Chromatogram (Quantitative) of track 2 at 254 nm 
wavelength  
RESULTS 
 
 Page 97 
 
 
Figure 6.21: HPTLC (Quantitative) - Chromatogram of track 3 at 254 nm wavelength  
 
Figure 6.22: HPTLC (Quantitative) - Chromatogram of track 4 at 254 nm wavelength 
 
Figure 6.23: HPTLC (Quantitative) - Chromatogram of track 5 at 254 nm wavelength 
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Figure 6.24: HPTLC (Quantitative) - Chromatogram of track 6 at 254 nm wavelength 
  Individual spectra of components of wheatgrass:  
HPTLC (Qualitative) - UV spectra of various spots of acetone extracts (Figure 6.25-6.37) 
  
Figure 6.25: Track-6, Spot-1, Component: A    Figure 6.26: Track-6, Spot-2, Component: N 
  
Figure 6.27: Track-6, Spot-3, Component: C Figure 6.28: Track-6, Spot-4, Component: D 
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Figure 6.29: Track-6, Spot-5, Component: O Figure 6.30: Track-6, Spot-6, Component: E 
  
Figure 6.31: Track-6, Spot-7, Component: F Figure 6.32: Track-6, Spot-8, Component: G 
  
Figure 6.33: Track-6, Spot-9, Component: P Figure 6.34: Track-6, Spot-10, Component: Q 
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Figure 6.35: Track-6, Spot-11, Component: K Figure 6.36: Track-6, Spot-12, Component: L 
 
 
Figure 6.37: Track-6, Spot-13, Component: M  
 
 
 
 
HPTLC (Qualitative) - UV spectra of various spots of methanol extracts (Figure 6.38-6.50)  
  
Figure 6.38: Track-1, Spot-1, Component: A Figure 6.39: Track-1, Spot-2, Component: B 
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Figure 6.40: Track-1, Spot-3, Component: C Figure 6.41: Track-1, Spot-4, Component: D 
  
Figure 6.42: Track-1, Spot-5, Component: E Figure 6.43: Track-1, Spot-6, Component: F 
  
Figure 6.44: Track-1, Spot-7, Component: G Figure 6.45: Track-1, Spot-8, Component: H 
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Figure 6.46: Track-1, Spot-9, Component: I Figure 6.47: Track-1, Spot-10, Component: J 
  
Figure 6.48: Track-1, Spot-11, Component: K Figure 6.49: Track-1, Spot-12, Component: L 
 
 
Figure 6.50: Track-1, Spot-13, Component: M  
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Table 6.5: HPTLC of wheatgrass extract 
Methanol extract 
Fresh wheatgrass extract One year old wheatgrass 
extract 
Component 
code 
Spot 
no. 
Color of the 
spot 
Rf value 
(calculated) 
Area Rf value 
(calculated) 
Spot 
no. 
Area 
A 1 Orange 0.03 9386.448 0.03 1 5866.53 
B 2 Light green 0.17 2835.49 0.17 2 1955.51 
C 3 Yellowish 
green 
0.23 12493.275 0.22 3 1564.408 
D 4 Dark yellow 0.30 7626.489 0.30 4 4302.122 
E 5 Green 0.34 6785.62 0.36 5 5475.428 
F 6 Light green 0.44 8604.244 0.46 6 2991.93 
G 7 Green 0.51 3155.51 - - - 
H 8 Green 0.58 8506.469 - - - 
I 9 Dark green 0.64 5846.612 0.62 7 5084.326 
J 10 Yellowish 
green 
0.69 6648.734 - - - 
K 11 Light grey 0.71 8310.918 0.71 8 3128.816 
L 12 Grey 0.84 4466.633 0.84 9 1173.306 
M 13 Orange 0.95 4602.331 0.95 10 4493.275 
 
 
Table 6.6: HPTLC of wheatgrass extract 
Acetone extract  of fresh wheatgrass 
Component 
code* 
Spot 
no. 
Color of the spot Rf value 
(calculated) 
Area 
A 1 Orange 0.02 6257.632 
N 2 Light green 0.06 7626.489 
C 3 Yellowish Green 0.21 8799.795 
D 4 Yellow 0.29 8346.12 
O 5 Green 0.33 5075.31 
E 6 Dark green 0.37 9386.448 
F 7 Light  green 0.45 7235.387 
G 8 Green 0.52 2933.265 
P 9 Green 0.57 2808.693 
Q 10 Green 0.71 5866.53 
K 11 Light grey 0.72 6062.081 
L 12 Grey 0.84 4008.796 
M 13 Orange 0.94 5084.326 
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* Components are coded by matching color of pigments, UV spectrum and maximum 
wavelength determined (Figure 6.25-6.50).  
Component G, H and J were absent in one year old methanol extract. 
 
HPTLC of vitamin:  
Chromatographic method for identification and quantification of vitamins present in 
wheatgrass extract and formulations was developed with standard vitamins samples 
using n-propanol: chloroform: acetic acid: ammonia: deionised water (7:4:5:1:1) as a 
mobile phase system and Rf values for each vitamins were recorded (Table 6.7). Initially 
different amount of standard vitamins samples were applied on TLC plates (Figure 6.51-
6.52), their UV spectrums were obtained and area for each spot was measured. These 
data were used for preparation of calibration curves (Figure 6.53-6.62). Vitamins present 
in wheatgrass extract were identified using Rf values and UV spectrum, whereas these 
were quantified using calibration curves of standard vitamins (Table 6.8, 6.9).  
 
Figure 6.51: TLC of vitamins under UV light at 254 nm 
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Figure 6.52: TLC of vitamins under UV light at 365 nm 
 
Table 6.7: Rf values of vitamins: 
Sr. no. Name of vitamin Rf value 
1 Thiamine hydrochoride 0.3293 
2 Riboflavin 0.7378 
3 Pantothenic acid calcium salt (detected at 210 nm) 0.0 
4 Pyridoxine hydrochoride  0.5976 
5 Folic acid  0.3354 
6 Cyanocobalamine 0.4756 
7 Ascorbic acid  0.5732 
8 DL-a-Tocopherol acetate  0.9573 
9 D-Biotin (detected at 210 nm) 0.8842 
10 Nicotinic acid  0.8293 
Mixture Mixture of all above vitamins standards ----- 
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1.  Thiamine hydrochloride 
Concentration 
(in ng/spot) 
Area 
 
10 109 
20 294 
40 582 
100 1350 
200 2937 
 
Figure 6.53: Calibration curve of Thiamine hydrochloride 
 
2. Riboflavin 
Concentration 
(in ng/spot) 
Area 
 
10 85 
20 147 
40 269 
100 680 
200 1425 
 
Figure 6.54: Calibration curve of Riboflavin 
 
3. Pantothenic acid calcium salt 
Concentration 
(in ng/spot) 
Area 
 
10 42 
20 75 
40 134 
100 269 
200 648 
 
Figure 6.55: Calibration curve of Pantothenic acid calcium salt 
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4. Pyridoxine hydrochloride 
Concentration 
(in ng/spot) 
Area 
 
10 152 
20 246 
40 482 
100 950 
200 1793 
 
Figure 6.56: Calibration curve of Pyridoxine hydrochloride 
 
5. Folic acid 
Concentration 
(in ng/spot) 
Area 
 
10 183 
20 365 
40 675 
100 1421 
200 2598 
 
Figure 6.57: Calibration curve of Folic acid 
 
6. Cyanocobalamine 
Concentration 
(in ng/spot) 
Area 
 
10 85 
20 142 
40 279 
100 569 
200 1254 
 
Figure 6.58: Calibration curve of Cyanocobalamine 
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7. Ascorbic acid 
Concentration 
(in ng/spot) 
Area 
 
10 70 
20 156 
40 365 
100 953 
200 1754 
 
Figure 6.59: Calibration curve of Ascorbic acid 
 
8. DL-a-Tocopherol acetate 
Concentration 
(in ng/spot) 
Area 
 
10 208 
20 459 
40 956 
100 1968 
200 4193 
 
Figure 6.60: Calibration curve of DL-a-Tocopherol acetate 
 
9. D-Biotin 
Concentration 
(in ng/spot) 
Area 
 
10 59 
20 115 
40 205 
100 451 
200 841 
 
Figure 6.61: Calibration curve of D-Biotin 
 
 
y = 8.918x - 0.377
R² = 0.997
0
200
400
600
800
1000
1200
1400
1600
1800
2000
0 50 100 150 200 250
Area
Concentration in ng/spot
y = 20.58x + 33.44
R² = 0.997
0
500
1000
1500
2000
2500
3000
3500
4000
4500
0 50 100 150 200 250
Area
Concentration in ng/spot
y = 4.075x + 32.64
R² = 0.998
0
100
200
300
400
500
600
700
800
900
0 50 100 150 200 250
Area
Concentration in ng/spot
RESULTS 
 
 Page 109 
 
10. Nicotinic acid 
Concentration 
(in ng/spot) 
Area 
 
10 190 
20 358 
40 645 
100 1369 
200 2782 
 
Figure 6.62: Calibration curve of Nicotinic acid 
 
Table 6.8: Analysis of mixture of water-soluble vitamins 
Sr. 
no. 
Name of vitamin Spot 
no. 
Rf 
value 
Area 
found 
Concentration of 
vitamin taken 
Concentration of 
vitamin found 
(In 
ng/spot 
or 
ng/5 µl) 
(In 
µg/ml) 
(In 
ng/spot 
or 
ng/5 µl) 
(In 
µg/ml) 
1 Pantothenic acid 
calcium salt 
1 0.0 159.28 50.00 10.00 50.25 10.05 
2 Thiamine 
hydrochoride 
2 0.3293 702.91 50.00 10.00 50.05 10.01 
3 Folic acid 3 0.3354 751.49 50.00 10.00 50.35 10.07 
4 Cyanocobalamine 4 0.4756 321.48 50.00 10.00 50.25 10.05 
5 Ascorbic acid 5 0.5732 407.88 50.00 10.00 49.8 9.96 
6 Pyridoxine 
hydrochoride 
6 0.5976 520.36 50.00 10.00 50.10 10.02 
7 Riboflavin 7 0.7378 352.98 50.00 10.00 50.2 10.04 
8 Nicotinic acid 8 0.8293 744.67 50.00 10.00 49.95 9.99 
9 D-Biotin 9 0.8842 235.98 50.00 10.00 49.9 9.98 
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Figure 6.63: HPTLC (Quantitative) - Chromatogram of aqueous extract of fresh 
wheatgrass at 254 nm wavelength (for determination of vitamins) 
 
Table 6.9: Measurement of water-soluble vitamins in aqueous extract of fresh wheatgrass 
Sr. 
no. 
Spot 
no. 
Standard 
Rf value 
of 
vitamins 
Rf value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration 
of vitamin  
(In ng/spot  
or In ng/50 µl) 
g/100 g fresh 
wheatgrass 
1 1 0.0 0.0 Pantothenic acid 
calcium salt  
130.35 41 41 
2 2 0.3293 0.3230 Thiamine 
hydrochloride 
174.42 14 14 
3 3 0.3354 0.3412 Folic acid  509.03 31 31 
4 4 0.5976 0.5832 Pyridoxine 
hydrochloride  
365.72 32 32 
5 5 0.5732 0.5843 Ascorbic acid  49376.2 6023 6023 
6 6 ----- 0.7012 Unknown-1 1251 Not measured Not 
measured 
7 7 0.7378 0.7153 Riboflavin 1340.94 190 190 
8 8 ----- 0.8652 Unknown-2 269 Not measured Not 
measured 
9 9 0.8842 0.8951 D-Biotin 57.09 6 6 
10 10 ----- 0.9127 Unknown- 3 571 Not measured Not 
measured 
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HPTLC of amino acid:  
Chromatographic method for identification and quantification of amino acids present in 
wheatgrass extract and formulations was developed with standard amino acid kits 
(HIMEDIA Laboratories Pvt. Ltd., Mumbai) using n-butanol: acetic acid: water 
(5:2.5:2.5) as a mobile phase system and Rf values for each amino acids were recorded 
(Table 6.10). Initially different amount of standard amino acids samples were applied on 
TLC plates (Figure 6.64-6.65), their UV spectrums were obtained and area for each spot 
was measured (Figure 6.67-6.90). These data were used for preparation of calibration 
curves (Figure 6.91-6.114). Amino acids present in wheatgrass extract and formulations 
were identified using Rf values and quantified using calibration curves (Table 6.11, 
6.12). UV spectrums of all amino acids were nearly similar, so only Rf values were used 
for their identification purpose. 
 
Figure 6.64 TLC (Plate-1) of Amino acid sprayed with ninhydrin reagent 
 
Figure 6.65: TLC (Plate-2) of Amino acid sprayed with ninhydrin reagent 
 
13 14 15 17 16 18 19 20 22 23 24 21 
1 2 3 4 5 6 7 8 9 10 11 12 Mixture 
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Table 6.10: Rf values of amino acid 
Sr. no. Name of amino acid Rf value 
1 DL-Alanine 0.1909 
2 DL-2-Amino-2-butyric acid 0.22 
3 L-Arginine monohydrochloride 0.1 
4 DL-Aspartic acid 0.11 
5 L-Cysteine hydrochloride 0.1818 
6 L-Cystine 0.070 
7 3-(3,4-Dihydroxyphenyl) DL-Alanine 0.2818 
8 L-Glutamic acid 0.3273 
9 Glycin 0.2909 
10 L-Histidine monohydrochloride 0.0455 
11 L-Hydroxyproline 0.1090 
12 L-Leucine 0.40 
13 L-Isoleucine 0.4510 
14 DL-Norleucine 0.4706 
15 L-Lysine monohydrochloride 0.0490 
16 L-Methionine 0.3627 
17 DL-ornithine monohydrochloride 0.0588 
18 L-Proline 0.1765 
19 DL- Phenylalanine 0.5000 
20 D-Serine 0.1176 
21 DL-Threonine 0.1863 
22 DL-Tryptophan 0.5686 
23 L-Tyrosine 0.36 
24 DL-Valine 0.2909 
 
 
Figure 6.66: HPTLC (Qualitative) - UV spectra of L-Glutamic acid-Ninhydrin complex 
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HPTLC (Quantitative): Chromatogram of amino acids (200 ng/spot) at 475 nm (Figure 6.67-6.90) 
  
Figure 6.67: DL-Alanine-Ninhydrin complex Figure 6.68: DL-2-Amino-2-butyric acid-
Ninhydrin complex 
  
Figure 6.69: L-Arginine monohydrochloride-
Ninhydrin complex 
Figure 6.70: DL-Aspartic acid-Ninhydrin 
complex 
  
Figure 6.71: L-Cysteine hydrochloride-
Ninhydrin complex 
Figure 6.72: L-Cystine-Ninhydrin complex 
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HPTLC (Quantitative): Chromatogram of amino acids (200 ng/spot) at 475 nm 
  
Figure 6.73: 3-(3,4-Dihydroxyphenyl) DL-
Alanine-Ninhydrin complex 
Figure 6.74: L-Glutamic acid-Ninhydrin 
complex 
  
Figure 6.75: Glycin-Ninhydrin complex Figure 6.76: L-Histidine monohydrochloride-
Ninhydrin complex 
  
Figure 6.77: L-Hydroxyproline-Ninhydrin 
complex 
Figure 6.78: L-Leucine-Ninhydrin complex 
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HPTLC (Quantitative): Chromatogram of amino acids (200 ng/spot) at 475 nm 
  
Figure 6.79: L-Isoleucine-Ninhydrin complex Figure 6.80: DL-Norleucine-Ninhydrin complex 
  
Figure 6.81: L-Lysine monohydrochloride-
Ninhydrin complex 
Figure 6.82: L-Methionine-Ninhydrin complex 
  
Figure 6.83: DL-ornithine monohydrochloride-
Ninhydrin complex 
Figure 6.84: L-Proline-Ninhydrin complex 
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HPTLC (Quantitative): Chromatogram of amino acids (200 ng/spot) at 475 nm 
  
Figure 6.85: DL- -Phenylalanine-Ninhydrin 
complex 
Figure 6.86: D-Serine-Ninhydrin complex 
 
  
Figure 6.87: DL-Threonine-Ninhydrin complex Figure 6.88: DL-Tryptophan-Ninhydrin complex 
  
Figure 6.89: L-Tyrosine-Ninhydrin complex Figure 6.90: DL-Valine-Ninhydrin complex 
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1. DL-Alanine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 643 
100 1260.3 
200 2620 
500 6023 
1000 11265 
 
Figure 6.91: Calibration curve of DL-Alanine 
 
2. DL-2-Amino-2-butyric acid-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 446 
100 989 
200 1963 
500 4986 
1000 9687 
 
Figure 6.92: Calibration curve of DL-2-Amino-2-butyric acid 
 
3. L-Arginine monohydrochloride-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 382 
100 752 
200 1659 
500 3369 
1000 7462 
 
Figure 6.93: Calibration curve of L-Arginine monohydrochloride 
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4. DL-Aspartic acid-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 958 
100 1998 
200 4985 
500 9254 
1000 16598 
 
Figure 6.94: Calibration curve of DL-Aspartic acid 
 
5. L-Cysteine hydrochloride-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 618 
100 1236 
200 2695 
500 7153 
1000 16952 
 
Figure 6.95: Calibration curve of L-Cysteine hydrochloride 
 
6. L-Cystine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 305 
100 742 
200 1569 
500 3595 
1000 7895 
 
Figure 6.96: Calibration curve of L-Cystine 
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7.  3-(3,4-Dihydroxyphenyl) DL-Alanine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 399.99 
100 879 
200 1698 
500 4069 
1000 8726 
 
Figure 6.97: Calibration curve of 3-(3,4-Dihydroxyphenyl) DL-
Alanine 
 
8. L-Glutamic acid-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 601 
100 1265 
200 2568 
500 5269 
1000 10265 
 
Figure 6.98: Calibration curve of L-Glutamic acid 
 
9. Glycin-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 355 
100 785 
200 1745 
500 3426 
1000 7215 
 
Figure 6.99: Calibration curve of Glycin 
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10. L-Histidine monohydrochloride-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 407 
100 815 
200 2154 
500 4652 
1000 8956 
 
Figure 6.100: Calibration curve of L-Histidine monohydrochloride 
 
11.  L-Hydroxyproline-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 547 
100 1126 
200 2654 
500 5983 
1000 11256 
 
Figure 6.101: Calibration curve of L-Hydroxyproline 
 
12. L-Leucine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 625 
100 1326 
200 3026 
500 6259 
1000 13265 
 
Figure 6.102: Calibration curve of L-Leucine 
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13. L-Isoleucine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 161 
100 321 
200 856 
500 1598 
1000 3159 
 
Figure 6.103: Calibration curve of L-Isoleucine 
 
14. DL-Norleucine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 293 
100 563 
200 1126 
500 2659 
1000 5491 
 
Figure 6.104: Calibration curve of DL-Norleucine 
 
15. L-Lysine monohydrochloride-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 106 
100 265 
200 598 
500 1356 
1000 2658 
 
Figure 6.105: Calibration curve of L-Lysine monohydrochloride 
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16. L-Methionine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 231 
100 532 
200 1126 
500 2365 
1000 4598 
 
Figure 6.106: Calibration curve of L-Methionine 
 
17. DL-Ornithine monohydrochloride-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 737 
100 1569 
200 3265 
500 7986 
1000 17589 
 
Figure 6.107: Calibration curve of DL-Ornithine 
monohydrochloride 
 
18. L-Proline-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 421 
100 986 
200 2165 
500 4536 
1000 8956 
 
Figure 6.108: Calibration curve of L-Proline 
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19. DL- -Phenylalanine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 281 
100 459 
200 1187 
500 2459 
1000 4598 
 
Figure 6.109: Calibration curve of DL- -Phenylalanine 
 
20. D-Serine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 362 
100 756 
200 1593 
500 3659 
1000 7581 
 
Figure 6.110: Calibration curve of D-Serine 
 
21. DL-Threonine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 259 
100 587 
200 1052 
500 2493 
1000 4372 
 
Figure 6.111: Calibration curve of DL-Threonine 
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22. DL-Tryptophan-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 386 
100 789 
200 1536 
500 4026 
1000 8452 
 
Figure 6.112: Calibration curve of DL-Tryptophan 
 
23. L-Tyrosine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 473 
100 893 
200 1794 
500 4025 
1000 8269 
 
Figure 6.113: Calibration curve of L-Tyrosine 
 
24. DL-Valine-Ninhydrin complex 
Concentration 
(in ng/spot) 
Area 
 
50 394 
100 789 
200 1569 
500 3665 
1000 7895 
 
Figure 6.114: Calibration curve of DL-Valine 
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Table 6.11: Amino acid mixture analysis 
Name of amino 
acid 
Spot 
no. 
Rf 
value 
Area 
found 
Concentration of 
amino acid taken 
Concentration of 
amino acid found 
(In 
ng/spot 
or 
ng/5 µl) 
(In 
µg/ml) 
(In 
ng/spot 
or 
ng/5 µl) 
(In 
µg/ml) 
L-Histidine 
monohydrochloride 
and L-Lysine 
monohydrochloride 
1 0.0455 682.16 50.00 10.00 Not 
measured 
Not 
measured 
L-Cystine and DL-
ornithine 
monohydrochloride 
2 0.070 852.56 50.00 10.00 Not 
measured 
Not 
measured 
L-Arginine 
monohydrochloride 
3 0.1 374.624 50.00 10.00 49.5 9.90 
DL-Aspartic acid 
and L-
Hydroxyproline 
4 0.11 2342.92 50.00 10.00 Not 
measured 
Not 
measured 
D-Serine 5 0.1176 377.17 50.00 10.00 50.05 10.01 
L-Cysteine 
hydrochloride and 
L-Proline 
6 0.1818 832.46 50.00 10.00 Not 
measured 
Not 
measured 
DL-Threonine 7 0.1863 377.54 50.00 10.00 50.3 10.06 
DL-Alanine 8 0.1909 796.67 50.00 10.00 50.15 10.03 
DL-2-Amino-2-
butyric acid 
9 0.22 507.89 50.00 10.00 50.45 10.09 
3-(3,4-
Dihydroxyphenyl) 
DL-Alanine 
10 0.2818 377.51 50.00 10.00 50.6 10.12 
Glycin and DL-
Valine 
11 0.2909 946.65 50.00 10.00 Not 
measured 
Not 
measured 
L-Glutamic acid 12 0.3273 795.2 50.00 10.00 50.25 10.05 
L-Methionine and 
L-Tyrosine 
13 0.3627 820.55 50.00 10.00 Not 
measured 
Not 
measured 
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L-Leucine 14 0.40 707.425 50.00 10.00 50.05 10.01 
L-Isoleucine 15 0.4510 227.8 50.00 10.00 50 10.00 
DL-Norleucine 16 0.4706 288.07 50.00 10.00 51.05 10.21 
DL- Phenylalanine 17 0.5000 345.59 50.00 10.00 49.8 9.96 
DL-Tryptophan 18 0.5686 317.83 50.00 10.00 49.85 9.97 
 
 
 
Figure 6.115: HPTLC (Quantitative) - Chromatogram of aqueous extract of fresh 
wheatgrass at 475 nm wavelength (for determination of amino acids) 
 
Table 6.12: Amino acid measurement in aqueous extract of wheatgrass: 
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino 
acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino 
acid  
(In ng/spot  
or 
ng/5 µl) 
 
(In mg/100 
g fresh 
wheatgrass) 
1 1 0.0455  
(L-Histidine 
monohydrochl
oride) 
0.0490  
(L-Lysine 
monohydrochl
oride) 
0.0471 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
1321.53 Not 
measured 
Not measured 
2 2 0.1 0.09 L-Arginine 
monohydrochloride 
1881.35 255 51 
3 3 0.11 0.1 DL-Aspartic acid 3520.21 169 34 
4 4 0.1176 0.1192 D-Serine 753.84 100 20 
5 5 0.1765  0.1796 L-Proline and/or L- 1733.02 Not 
measured 
Not measured 
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(L-Proline) 
0.1818  
(L-Cysteine 
hydrochloride) 
Cysteine 
hydrochloride 
6 6 0.1863 0.1912 DL-Threonine 827.86 155 31 
7 7 0.1909 0.1926 DL-Alanine 2466 200 40 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2951 Glycin and/or DL-
Valine 
2614.22 Not 
measured 
Not measured 
9 9 0.3273 0.3312 L-Glutamic acid 3842.7 355 71 
10 10 0.36  
(L-Tyrosine) 
0.3627  
(L-Methionine) 
0.3610 L-Tyrosine and/or 
L-Methionine 
1231.66 Not 
measured 
Not measured 
11 11 0.40 0.405 L-Leucine 2802.77 210 42 
12 12 0.4510 0.4535 L-Isoleucine 444.59 120 24 
13 13 0.5000 0.5124 DL- Phenylalanine 663.74 120 24 
14 14 0.5686 0.5686 DL-Tryptophan 234.14 40 8 
 
 
6.2.3 Analysis of minerals by flamephotometry: 
Analyses can be made far more rapidly by the flame photometer than by the best 
gravimetric and volumetric methods when the instrument is properly operated. With 
flame photometry, results can be produced promptly because of the direct procedure 
which is impossible with chemical methods. 
Once the range has been established and remains stable it is often, possible to take many 
successive readings which are reproducible and constant over a long period of time. In 
Table 6.13 and 6.14, results for amount of various elements presents in standard mixture 
are given. Validation data obtained with standard mixture is given in Table 6.15, which 
shows that method is suitable for analysis of various extract of wheatgrass. 
Result for analysis of sodium, potassium, calcium and lithium in methanol and aqueous 
extract of wheatgrass in terms of mmol/L, ppm and mg/100 g fresh wheatgrass is given 
in Table 6.16 and 6.17. We have also tried to detect amount of elements in acetone 
extract, but in acetone flame was not remains stable and intensity of flame was also very 
high, so it was not possible to analyse with acetone extract. 
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Table 6.13: Data for standard mixture analysis 
 
 
 
 
 
 
 
 
 
 
* n = 6, Repeatability of method is checked by repeating the same procedure by 
preparing standard solution for 6 times on 6 different days.  
* All data are in mmol /L. 
 
Table 6.14: Data for standard mixture analysis 
Sr. 
no.  
Calcium (Ca
+2
) Lithium (Li
+2
) 
Amount 
present 
Amount 
found 
% 
Found 
Amount 
present 
Amount 
found 
% 
Found 
1 2.50 2.49 99.60 2.88 2.85 98.96 
2 2.50 2.49 99.60 2.88 2.88 100.00 
3 2.50 2.45 98.00 2.88 2.86 99.31 
4 2.50 2.47 98.80 2.88 2.84 98.61 
5 2.50 2.46 98.40 2.88 2.85 98.96 
6 2.50 2.47 98.80 2.88 2.87 99.65 
 
* n=6, Repeatability of method is checked by repeating the same procedure by preparing 
standard solution for 6 times on 6 different days.  
* All data are in mmol /L. 
Table 6.15: Statistical validation of mixed standard 
Component Mean* Standard 
deviation* 
% Co-efficient 
of variation* 
Standard 
error* 
Sodium (Na
+
) 99.81 0.2689 0.2694 0.1098 
Potassium (K
+
) 99.57 0.4623 0.4643 0.1887 
Sr. 
no.  
Sodium (Na
+
) Potassium (K
+
) 
Amount 
present  
Amount 
found 
% 
Found 
Amount 
present 
Amount 
found 
% 
Found 
1 4.35 4.34 99.77 2.56 2.55 99.69 
2 4.35 4.33 99.54 2.56 2.54 99.22 
3 4.35 4.35 100.00 2.56 2.56 100.00 
4 4.35 4.33 99.54 2.56 2.56 100.00 
5 4.35 4.36 100.23 2.56 2.53 98.83 
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Calcium (Ca
+2
) 98.87 0.6408 0.6481 0.2616 
* n=6 
Table 6.16: Analysis of wheatgrass extract 
Name of 
extract 
Sr. 
no. 
Sodium (Na
+
) Potassium (K
+
) 
Amount found* Amount found* 
(In 
mmol/L) 
(In 
ppm) 
mg/100 g 
fresh 
wheatgrass 
(In 
mmol/L) 
(In 
ppm) 
mg/100 g 
fresh 
wheatgrass 
Water 
extract 
1 1.04 23.92 23.92 1.92 75.00 75.00 
2 1.03 23.69 23.69 1.92 75.00 75.00 
3 1.04 23.92 23.92 1.90 74.22 74.22 
Methanol 
extract 
4 1.00 23.00 23.00 1.00 39.09 39.09 
5 1.00 23.00 23.00 1.10 43.00 43.00 
6 1.10 25.3 25.30 1.00 39.09 39.09 
 
* n=3 times with the same extract on three different days by repeating the calibration 
with freshly prepared standards. 
 
Table 6.17: Analysis of wheatgrass extract 
Name of 
extract 
Sr. 
no. 
Calcium (Ca
+2
) Lithium (Li
+2
) 
Amount found* Amount found* 
(In 
mmol/L) 
(In 
ppm) 
mg/100 g 
fresh 
wheatgrass 
(In 
mmol/L) 
(In 
ppm) 
mg/100 g 
fresh 
wheatgrass 
Water 
extract 
1 2.0 80.16 80.16 0.0 0.0 0.0 
2 2.1 84.17 84.17 0.0 0.0 0.0 
3 2.0 80.16 80.16 0.0 0.0 0.0 
Methanol 
extract 
4 1.6 64.13 64.13 0.0 0.0 0.0 
5 1.7 68.14 68.14 0.0 0.0 0.0 
6 1.5 60.12 60.12 0.0 0.0 0.0 
* n=3 times with the same extract on three different days by repeating the calibration 
with freshly prepared standards. 
 
6.3 Anti-inflammatory activity: 
Carrageenan-induced paw edema in rats: 
Administration of diclofenac, methanol extract, acetone extract and water extract showed 
significant reduction in carrageenan-induced paw edema in rats (Table 6.18-6.21). The 
maximum anti-inflammatory activity was observed at 5 hours. Compared to control 
RESULTS 
 
 Page 130 
 
group, the % inhibition with acetone extract, methanol extract, aqueous extract and 
diclofenac were found to be 50.64, 73.38, 63.81 and 80.87 respectively  (Table 6.20).  
Table 6.18: Effect of various treatments on carrageenan-induced paw edema in rats 
Effect of vehicle on carrageenan-induced paw edema in rats 
Animal no. Initial paw 
volume (ml) 
Paw volume after 
5 hours (ml) 
Difference in paw 
volume (edema) 
1 69 133 64 
2 72 142 70 
3 73 124 51 
4 75 144 69 
5 74 135 61 
6 71 143 72 
Mean ± SEM 72.33333 ± 0.8819 136.8333 ± 3.156 64.5 ± 3.17 
Effect of diclofenac (5 mg/kg) on carrageenan-induced paw edema in rats 
1 73 90 17 
2 75 86 11 
3 76 90 14 
4 80 96 16 
5 79 85 6 
6 71 81 10 
Mean ± SEM 75.67 ± 1.406 88 ± 2.113 12.34±1.687 
Effect of acetone extract of Triticum aestivum (1.43 g /kg) on carrageenan-
induced paw edema in rats 
1 70 110 40 
2 68 105 37 
3 82 111 29 
4 72 105 33 
5 69 87 18 
6 66 100 34 
Mean ± SEM 71.16667 ± 2.31 103 ± 3.58 31.84 ± 3.156 
Effect of methanol extract of Triticum aestivum (1.43 g/kg) on carrageenan-  
induced paw edema in rats 
1 68 81 13 
2 74 95 21 
3 65 86 21 
4 55 74 19 
5 69 84 15 
6 64 78 14 
Mean ± SEM 65.83333 ± 2.60 83 ± 2.966 17.166  ± 1.47 
Effect of Water extract of Triticum aestivum (1.43 g/kg) on carrageenan-
induced paw edema in rats 
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1 63 83 20 
2 73 101 28 
3 65 84 19 
4 53 75 22 
5 67 89 22 
6 61 90 29 
Mean ± SEM 63.66667 ± 2.716 87 ± 3.549 23.34 ± 1.70 
 
Table 6.19: Effect of various treatments on carrageenan-induced paw edema in rats 
at 5 hours time interval 
 
Table 6.20: % Inhibition in edema with treatments in carrageenan-induced paw 
edema in rats at various time intervals 
Time in 
hours 
% Inhibition after x hour 
Diclofenac Acetone extract Methanol extract Water extract 
1 35.01 1.89 14.52 8.52 
2 37.47 14.70 29.42 20.91 
3 43.48 16.74 30.42 35.84 
4 68.32 33.70 59.05 46.60 
5 80.87 50.64 73.38 63.81 
24 96.08 90.31 86.52 96.08 
 
 
Treatments Initial paw 
volume (ml) 
Paw volume 
after 5 hours 
(ml) 
Increase in 
paw volume 
% 
Inhibition 
Control 72.333 ± 0.8819 136.833 ± 3.156 64.5 ± 3.17 - 
Diclofenac 75.67 ± 1.406 88 ± 2.113 12.34 ±1.687 80.87 
Acetone extract      
(0.14 mg/kg) 
71.167 ± 2.31 103 ± 3.58 31.84 ± 3.156 50.635 
Methanol extract          
(300 mg/kg) 
65.833 ± 2.60 83 ± 2.966 17.166  ± 1.47 73.379 
Water extract           
(300 mg/kg) 
63.667 ± 2.716 87 ± 3.549 23.34 ± 1.70 63.81 
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Table 6.21: Effect of various treatments on carrageenan-induced paw edema in rats 
at various time intervals 
Time 
in 
hours 
Mean paw volume after x  hours (in ml) 
Control Diclofenac Acetone 
extract 
Methanol 
extract 
Water 
extract 
0 72.333 ± 
0.8819 
75.66 ±  
1.406 
71.167 ± 2.31 65.833 ± 2.60 63.667 ± 
2.716 
1 125.166 ± 
2.495 
110 ±3.130 123 ± 2.129 111 ± 4.049 112 ± 3.530 
2 144.83 ±  
4.534 
121 ± 3.204 133 ± 2.309 117  ±4.057 121 ± 3.623 
3 143  ± 
5.019 
115.5± 3.383 130 ± 3.162 115 ± 3. 907 109 ± 2.780 
4 146  ± 
4.258 
99 ± 3.732 120 ± 3.162 96 ± 3. 678 103 ± 2.708 
5 136.833 ± 
3.156 
88 ± 2.113 103 ± 3.58 83 ± 2.966 87 ± 3.549 
24 81  ± 1.914 76 ± 1.527 72 ± 2.72 67± 2.556 64 ± 2.966 
 
 
 
Figure 6.116: Edema in various treatment groups at 5 hour 
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Application of one-way ANOVA test (Dunnett multiple comparisons) between various 
groups showed the significance of the result at p<0.01.  
** p < 0.01, indicates significant difference in edema between disease control group 
(without any drug treatment)  and various treatment groups. 
 
Figure 6.117: Effect of various treatments on carrageenan-induced paw edema in 
rats at various time intervals 
6.4 Ethanol-induced gastric mucosal damage:  
The parameters studied in this model included ulcer index. Average ulcer index found in 
ethanol induced control rats was 3.6233 ± 0.2098, whereas ulcer index in animals treated 
with omeprazole and wheatgrass juice were 0.75 ± 0.1176 and 1.216 ± 0.1195 
respectively. 
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Figure 6.118:  Stomach of rats A, B – Control group, C, D - Standard drug 
(Omeprazole 20 mg/kg) treated group, E, F, G, H, I - Wheatgrass Juice treated 
group J, K, L, M, N, O - Ethanol induced ulcer (without any treatment)  
 
Table 6.22: Effect of wheatgrass juice against gastric mucosal damage 
Animal 
no. 
Ulcer index 
Control 
(Saline) 
Ethanol Standard 
(Omeprazole 20 
mg/kg) 
Treament 
(Wheatgrass juice) 
1 0.0 3.07 0.5 1.2 
2 0.2 4.06 1.0 0.9 
3 0.1 3.50 0.6 1.0 
4 0.2 2.98 0.7 1.4 
5 0.0 4.02 0.5 1.1 
6 0.0 4.11 1.2 1.7 
Mean ± 
SEM 
0.08333 ± 
0.04 
3.6233 ± 0.2098 0.75 ± 0.1176 1.216 ± 0.1195 
 
In normal animals, ulcers were not found, while administration of ethanol produced 
severe hemorrhagic gastric lesions in positive control group but pretreatment with 
wheatgrass juice and omeprazole (20 mg/kg) significantly reduced, number of ulcers, 
compared to positive control group. 
One way ANOVA test (Dunnett multiple comparisons) between various groups showed 
significance at p < 0.01. 
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Table 6.23:  Summary of effect of wheatgrass juice on ulcer index: 
Group Treatment Ulcer index % Protection 
I Control (Saline) 0.08333 ± 0.04 0.00 
II Ethanol 3.6233 ± 0.2098 0.00 
III 
Standard 
(Omeprazole 20 mg/kg) 
0.75 ± 0.1176 79.30 
IV 
Treament 
(Wheatgrass juice) 
1.216 ± 0.1195 66.44 
 
 
Figure 6.119 Effect of various treatments on ulcer index in rats 
** p < 0.01 indicates significant difference in ulcer index between ethanol treated group 
and various treatment groups. 
 
Figure 6.120: % Protection with various treatments on gastric mucosal damage 
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6.5 Wheatgrass formulations: 
6.5.1 Formulation data of wheatgrass vati:   
Methanol extract and combined extracts obtained through successive extraction of 
wheatgrass using petroleum ether, acetone, methanol and water were used to make vatis 
using suitable excipients (Figure 6.121, 6.122).  
Random samples of these vatis were subjected to various pharmaceutical quality control 
tests (Table 6.24-6.42).  
 
6.5.2 Quality control tests for wheatgrass vati prepared from methanol extract (F1): 
Description of vati:  
Shape: Round with Flat Surface 
Colour: Dark Green  
Table 6.24: Hardness of vati: 
Vati no. Hardness (kg/cm
2
) Vati no. Hardness (kg/cm
2
) 
1 3.5 4 3.1 
2 3.2 5 3.1 
3 3.3 6 3.6 
Average 3.3 kg/cm
2
 
 
 
 
Figure 6.121: Wheatgrass vatis prepared 
from methanol extract 
Figure 6.122: Wheatgrass vatis prepared 
from whole extract obtained after 
successive extraction 
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Table 6.25: Diameter of vati: 
Vati no. Diameter (mm) Vati no. Diameter (mm) 
1 11.1 4 11.1 
2 11.1 5 11.1 
3 11.2 6 11.1 
Average 11.116 mm 
 
Table 6.26: Thickness of vati: 
Vati no. Thickness (mm) Vati no. Thickness (mm) 
1 6.00 4 6.03 
2 6.10 5 6.05 
3 6.02 6 6.10 
Average 6.05 mm 
 
Table 6.27: Weight variation of vati: 
Vati No. Weight of Vati (mg) Vati No. Weight of Vati (mg) 
1 911 11 911 
2 917 12 915 
3 909 13 914 
4 906 14 910 
5 915 15 919 
6 914 16 921 
7 915 17 903 
8 898 18 920 
9 908 19 907 
10 916 20 911 
Total weight of 20 vatis 18240 mg 
Average weight 912 mg 
 
Here weight is between 898-921 mg. So, 5 % variation is allowed. 
Upper limit: 957.60 mg 
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Lower limit: 866.40 mg 
Here, all vatis are within limit. 
Friability: 
Total weight of 20 vatis before 100 rpm in friabilator = 18.240 g 
Total weight of 20 vatis after 100 rpm in friabilator = 18.165 g 
Loss of vati powder = 0.40 g  
% Friability  =   0.075 x 100 
                               18.240         
= 0.4112 % 
 TLC of methanol extract of wheatgrass vati-F1 (Figure 6.17, Track 5), wheatgrass vati-
F2 (Figure 6.17, Track 2) and wheatgrass gel (Figure 6.17, Track 4) were carried out 
using n-hexane: acetone: methanol (13.5: 7: 0.25) as a mobile phase system.  Wheatgrass 
vati-F1 showed 13 spots at different Rf values viz. (1) 0.03 (orange), (2) 0.17 (light 
green), (3) 0.23 (light green), (4) 0.30 (yellow), (5) 0.34 (yellow), (6) 0.44 (green), (7) 
0.51 (green), (8) 0.58 (light green), (9) 0.64 (dark green), (10) 0.69 (yellowish green), 
(11) 0.71 (light grey), (12) 0.84 (grey), (13) 0.95 (orange). Area for each spot was 
tabulated (Table 6.28). Similarly these formulations were also evaluated by HPTLC 
method after six months of manufacturing for presence of pigments (Figure 6.124). 
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Figure 6.123: TLC of methanol extracts of wheatgrass formulations after six 
months of manufacturing (Track 1:F2, Track 2:Wheatgrass gel, Track 3:F1) 
Table 6.28: HPTLC of pigments present in wheatgrass vati (F1) 
Methanol extract of vati (F1) 
Fresh vati Six months old vati 
Component 
code 
Spot 
no. 
Color of the 
spot 
Rf value 
(calculated) 
Area Rf value 
(calculated) 
Spot 
no. 
Area 
A 1 Orange 0.03 6550.959 0.03 1 6157.901 
B 2 Light green 0.17 2346.612 0.18 2 2105.815 
C 3 Yellowish 
green 
0.23 8248.837 0.22 3 8113.906 
D 4 Dark yellow 0.30 6453.183 0.29 4 6065.992 
E 5 Green 0.34 5475.428 0.33 5 5196.902 
F 6 Light green 0.44 8213.142 0.45 6 7720.353 
G 7 Green 0.51 2857.735 0.50 7 2746.27 
H 8 Green 0.58 7861.15 0.57 8 7389.481 
I 9 Dark green 0.64 5151.061 0.63 9 5021.997 
J 10 Yellowish 
green 
0.69 6062.081 0.68 10 5598.356 
K 11 Light grey 0.71 6550.959 0.70 11 6057.901 
L 12 Grey 0.84 4407.967 0.84 12 4123.489 
M 13 Orange 0.95 4363.477 0.94 13 3101.669 
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Vitamins present in formulation-F1 were identified using Rf values and UV spectrum, 
whereas these were quantified using calibration curves of standard vitamins (Table 6.28, 
6.30).  
 
UV spectra of various vitamins present in vati-F1 (Figure 6.124-6.133):  
  
Figure 6.124:  HPTLC (Qualitative) - UV spectra 
of Spot 1 (Pantothenic acid) 
Figure 6.125:  HPTLC (Qualitative) - UV spectra 
of Spot 2 (Thiamine hydrochoride) 
  
Figure 6.126:  HPTLC (Qualitative) - UV spectra 
of Spot 3 (Folic acid) 
Figure 6.127:  HPTLC (Qualitative) - UV spectra 
of Spot 4 (Pyridoxine hydrochoride) 
  
Figure 6.128:  HPTLC (Qualitative) - UV spectra 
of Spot 5 (Ascorbic acid) 
Figure 6.129:  HPTLC (Qualitative) - UV spectra 
of Spot 6 (Unknown-1) 
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Figure 6.130:  HPTLC (Qualitative) - UV spectra 
of Spot 7 (Riboflavin) 
Figure 6.131:  HPTLC (Qualitative) - UV spectra 
of Spot 8 (Unknown-2) 
  
Figure 6.132: HPTLC (Qualitative) - UV spectra 
of Spot 9 (D-Biotin) 
Figure 6.133: HPTLC (Qualitative) - UV spectra 
of Spot 10 (Unkown-3) 
 
 
 
Figure 6.134: HPTLC (Quantitative) - Chromatogram of aqueous extract of wheatgrass 
vati-F1 at 254 nm wavelength (for determination of vitamins) 
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Table 6.29:  Measurement of water-soluble vitamins immediately after 
manufacturing in aqueous extract of wheatgrass vati (F1)  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value 
of 
vitamins 
Rf 
value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration of vitamin  
(In ng/spot 
or In ng/50 
µl) 
g/tablet 
1 1 0.0 0.0 Pantothenic acid 
calcium salt 
124.7128 39.20 13.07 
2 2 0.3293 0.3270 Thiamine 
hydrochoride 
168.8492 13.62 4.54 
3 3 0.3354 0.3392 Folic acid 499.01 30.20 10.07 
4 4 0.5976 0.5812 Pyridoxine 
hydrochoride 
369.05 
 
32.39 10.80 
5 5 0.5732 0.5905 Ascorbic acid 48599.42 5928.25 1976.08 
6 6 ----- 0.7129 Unknown-1 1155 Not 
measured 
Not 
measured 
7 7 0.7378 0.7352 Riboflavin 1359.67 192.65 64.22 
8 8 ----- 0.8526 Unknown-2 283.87 Not 
measured 
Not 
measured 
9 9 0.8842 0.8940 D-Biotin 53.42 5.10 1.7 
10 10 ----- 0.9542 Unknown-3 4578.74 Not 
measured 
Not 
measured 
 
Amino acids present in wheatgrass formulation-F1 were identified using Rf values and 
were quantified using calibration curves (Table 6.29, 6.31). 
 
 
Figure 6.135: HPTLC (Quantitative) - Chromatogram of aqueous extract of wheatgrass 
vati-F1 at 475 nm wavelength (for determination of amino acids) 
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Table 6.30:  Measurement of amino acids immediately after manufacturing in 
aqueous extract of wheatgrass vati (F1) 
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino 
acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino 
acid 
(In ng/spot  
or 
ng/5 µl) 
(In 
mg/Tablet) 
1 1 0.0455  
(L-Histidine 
monohydrochl
oride) 
0.0490  
(L-Lysine 
monohydrochl
oride) 
0.0471 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
1331.55 Not measured Not 
measured 
2 2 0.1 0.09 L-Arginine 
monohydrochloride 
1787.06 242.14 17.40 
3 3 0.11 0.101 DL-Aspartic acid 3552.90 171.29 11.42 
4 4 0.1176 0.1158 D-Serine 743.43 98.62 6.81 
5 5 0.1765  
(L-Proline) 
0.1818  
(L-Cysteine 
hydrochloride) 
0.1791 L-Proline and/or L-
Cysteine 
hydrochloride 
1756.35 Not measured Not 
measured 
6 6 0.1863 0.1897 DL-Threonine 804.72 149.62 9.98 
7 7 0.1909 0.1950 DL-Alanine 2453.86 198.91 13.62 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2925 Glycin and/or DL-
Valine 
2526.85 Not measured Not 
measured 
9 9 0.3273 0.3346 L-Glutamic acid 3776.90 348.42 23.28 
10 10 0.36  
(L-Tyrosine) 
0.3627  
(L-Methionine) 
0.3608 L-Tyrosine and/or 
L-Methionine 
1310.20 Not measured Not 
measured 
11 11 0.40 0.405 L-Leucine 2740.02 205.21 13.17 
12 12 0.4510 0.4538 L-Isoleucine 445.71 120.36 8.37 
13 13 0.5000 0.5105 DL- Phenylalanine 705.80 129.28 8.52 
14 14 0.5686 0.5674 DL-Tryptophan 223.52 38.75 2.83 
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Table 6.31: Measurement of water-soluble vitamins after six months of 
manufacturing in wheatgrass vati (F1)  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value 
of 
vitamins 
Rf Value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration of 
vitamin 
(In ng/spot  
or  
In ng/50 µl) 
g/Tablet 
1 1 0.0 0.0 Pantothenic acid 
calcium salt  
118.21 37.12 12.37 
2 2 0.3293 0.3210 Thiamine 
hydrochoride 
158.15 12.89 4.30 
3 3 0.3354 0.3412 Folic acid  479.96 28.68 9.56 
4 4 0.5976 0.5825 Pyridoxine 
hydrochoride  
365.30 31.95 10.65 
5 5 0.5732 0.5826 Ascorbic acid  47981.94 5852.93 1950.98 
6 6 ----- 0.7117 Unknown- 1 1125 Not 
measured 
Not 
measured 
7 7 0.7378 0.7328 Riboflavin 1289.21 182.68 60.89 
8 8 ----- 0.8591 Unknown- 2 243.58 Not 
measured 
Not 
measured 
9 9 0.8842 0.8940 D-Biotin 53.34 5.08 1.69 
10 10 ----- 0.9553 Unknown- 3 4395.37 Not 
measured 
Not 
measured 
 
Table 6.32:  Measurement of amino acids after six months of manufacturing in 
aqueous extract of wheatgrass vati (F1)  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino 
acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino 
acid  
(In ng/spot  
or 
ng/5 µl) 
(In 
mg/Tablet) 
1 1 0.0455  
(L-Histidine 
monohydrochl
oride) 
0.0490  
(L-Lysine 
monohydrochl
0.0468 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
1319.59 Not measured Not 
measured 
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oride) 
2 2 0.1 0.091 L-Arginine 
monohydrochloride 
1736.25 
 
235.21 16.14 
3 3 0.11 0.106 DL-Aspartic acid 3507.11 168.45 11.42 
4 4 0.1176 0.1197 D-Serine 721.64 95.73 6.57 
5 5 0.1765  
(L-Proline) 
0.1818  
(L-Cysteine 
hydrochloride) 
0.1792 L-Proline and/or L-
Cysteine 
hydrochloride 
1723.62 Not measured Not 
measured 
6 6 0.1863 0.1878 DL-Threonine 757.23 138.58 9.97 
7 7 0.1909 0.1941 DL-Alanine 2320.85 186.97 13.26 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2915 Glycin and/or DL-
Valine 
2436.28 Not measured Not 
measured 
9 9 0.3273 0.3330 L-Glutamic acid 3679.80 338.71 23.23 
10 10 0.36  
(L-Tyrosine) 
0.3627  
(L-Methionine) 
0.3593 L-Tyrosine and/or 
L-Methionine 
1298.64 Not measured Not 
measured 
11 11 0.40 0.409 L-Leucine 2939.01 220.40 13.68 
12 12 0.4510 0.4540 L-Isoleucine 436.97 117.54 8.02 
13 13 0.5000 0.5058 DL- Phenylalanine 659.44 119.05 8.62 
14 14 0.5686 0.5673 DL-Tryptophan 209.84 37.14 2.58 
 
6.5.3 Quality control tests for wheatgrass vati prepared from whole extract (F2): 
Description of vati:  
Shape: Round with convex surface 
Colour: Light green with spots on surface 
Table 6.33:  Hardness of vati 
Vati no. Hardness (kg/cm
2
) Vati no. Hardness (kg/cm
2
) 
1 5.2 4 5.0 
2 5.1 5 5.2 
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3 5.3 6 5.4 
Average 5.2 kg/cm
2
 
 
Table 6.34:  Diameter of vati 
Vati no. Diameter (mm) Vati no. Diameter (mm) 
1 12.3 4 12.1 
2 12.2 5 12.2 
3 12.2 6 12.2 
Average 12.2 mm 
 
Table 6.35: Thickness of vati 
Vati no. Thickness (mm) Vati no. Thickness (mm) 
1 7.53 4 7.56 
2 7.51 5 7.52 
3 7.59 6 7.47 
Average 7.53 mm 
 
Table 6.36: Weight variation of vati 
Vati no. Weight of vati (mg) Vati no. Weight of vati (mg) 
1 1012 11 1017 
2 1024 12 1019 
3 1018 13 1023 
4 1013 14 1009 
5 999 15 1025 
6 1019 16 1016 
7 1018 17 1012 
8 1017 18 1010 
9 1025 19 1021 
10 1014 20 1029 
Total weight of 20 vatis 20340 mg 
Average weight 1017 mg 
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Here weight is between 999 - 1029 mg, so 5 % variation is allowed. 
Upper limit: 1067.85 mg 
Lower limit: 966.15 mg 
Here all vatis are within limit. 
Friability: 
Total weight of 20 vatis before 100 rpm in friabilator = 20.340 g 
Total weight of 20 vatis after 100 rpm in friabilator = 20.160 g 
Lost of vati powder = 0.180 g  
% Friability  =   0.180 x 100 
                               20.340 
  = 0.885 % 
Table 6.37: Comparative characteristics of vati prepared from different extracts of 
wheatgrass   
Sr. 
no. 
Tests Specifications
[147]
 Observation 
for vatis 
prepared from 
methanol 
extract of 
wheatgrass 
Observation 
for vatis 
prepared from 
whole extract 
of wheatgrass 
1 Description  Shape  
 
---- Round with flat 
surface 
Round with 
convax surface 
Colour ---- Dark green Light green 
with spots on 
surface 
2 Hardness ---- 3.3 kg/cm
2
 5.2 kg/cm
2
 
3 Diameter ---- 11.116 mm 12.2 mm 
4 Thickness ---- 6.05 mm 7.53 mm 
5 Average weight ---- 912 mg 1017 mg 
6 Weight variation Maximum ± 5 % 912 ± 45.60 mg 1017 ± 50.85 
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mg 
7 Friability 0.5 - 1.0 % 0.4112 % 0.885 % 
8 Disintegration time Not more than 15 
minutes 
11.20 minutes 6.6 minutes 
 
TLC of methanol extract of wheatgrass vati-F2 showed 17 spots at different values viz. 
(1) 0.03 (orange), (2) 0.06 (light green), (3) 0.17 (light green), (4) 0.21 (green), (5) 0.23 
(yellowish green), (6) 0.29 (dark yellow), (7) 0.33 (green), (8) 0.37 (green), (9) 0.44 
(light green), (10) 0.52 (green), (11) 0.56 (green), (12) 0.58 (green), (13) 0.64 (dark 
green), (14) 0.69 (yellowish green), (15) 0.71 (light grey), (16) 0.84 (grey), (17) 0.95 
(orange). Area of each spot was tabulated (Table 6.38). 
 
Table 6.38: HPTLC of pigments present in wheatgrass vati (F2) 
Methanol extract of vati (F2) 
Fresh vati Six months old vati 
Component 
Code 
Spot 
No. 
Color of the 
spot 
Rf value 
(calculated) 
Area Rf value 
(calculated) 
Spot 
No. 
Area 
A 1 Orange 0.03 5670.979 0.03 1 5387.43 
N 2 Light green 0.06 6648.734 0.07 2 6316.297 
B 3 Light green 0.17 2346.612 0.17 3 2229.281 
UN 4 Green 0.21 2737.714 0.21 4 2600.828 
C 5 Yellowish 
green 
0.23 8408.693 0.23 5 7988.258 
D 6 Dark yellow 0.29 6257.632 0.30 6 5944.75 
O 7 Green 0.33 4888.775 0.34 7 4644.336 
E 8 Green 0.37 4439.008 0.37 8 4217.057 
F 9 Light green 0.44 6128.816 0.45 9 5972.375 
G 10 Green 0.52 3422.143 0.51 10 3251.035 
P 11 Green 0.56 1564.408 0.57 11 1486.188 
H 12 Green 0.58 7319.969 0.59 12 7253.971 
I 13 Dark green 0.64 5866.53 0.64 13 5573.204 
J 14 Yellowish 
green 
0.69 5279.877 0.69 14 5015.883 
K 15 Light grey 0.71 5475.428 0.71 15 5201.657 
L 16 Grey 0.84 3911.02 0.85 16 3715.469 
M 17 Orange 0.95 4839.887 0.94 17 4597.893 
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Vitamins present in formulation-F2 were identified using their Rf values and UV spectra, 
whereas these were quantified, using calibration curves of standard vitamins (Table 6.39, 
6.41).   
 
 
Figure 6.136: HPTLC (Quantitative) - Chromatogram of aqueous extract of wheatgrass 
vati-F2 at 254 nm wavelength (for determination of vitamins) 
 
Table 6.39: Measurement of water-soluble vitamins immediately after 
manufacturing in wheatgrass vati (F2) 
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
vitamins 
Rf 
value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration of vitamin 
(In ng/spot  
or In ng/50 
µl) 
g/Tablet 
1 1 0.0 0.0 Pantothenic acid 
calcium salt  
127.31 40.03 6.67 
2 2 0.3293 0.3262 Thiamine 
hydrochoride 
172.95 13.90 2.32 
3 3 0.3354 0.3386 Folic acid  485.10 29.09 4.85 
4 4 0.5732 0.5844 Ascorbic acid  48067.12 5863.32 977.22 
5 5 0.5976 0.5865 Pyridoxine 
hydrochoride  
350.00 30.16 5.03 
6 6 ----- 0.7015 Unknown-1 1257 Not measured Not 
measured 
7 7 0.7378 0.7145 Riboflavin 1313.10 186.06 31.01 
8 8 ----- 0.8662 Unknown-2 265 Not measured Not 
measured 
9 9 0.8842 0.8915 D-Biotin 55.46 5.60 0.93 
10 10 ----- 0.9131 Unknown-3 6516.14 Not measured Not 
measured 
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11 11 ----- 0.9570 Unknown-4 5481.38 Not measured Not 
measured 
 
Amino acids present in wheatgrass vati-F2 were identified using Rf values and 
quantified using calibration curves (Table 6.39, 6.41). 
 
 
Figure 6.137: HPTLC (Quantitative) - Chromatogram of aqueous extract of wheatgrass 
vati-F2 at 475 nm wavelength (for determination of amino acids) 
 
Table 6.40:  Measurement of amino acids immediately after manufacturing in 
aqueous extract of wheatgrass vati (F2)       
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino 
acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino 
acid 
(In ng/spot  
or 
ng/5 µl) 
(In 
mg/Tablet) 
1 1 0.0455  
(L-Histidine 
monohydrochl
oride) 
0.0490  
(L-Lysine 
monohydrochl
oride) 
0.0461 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
1420.34 Not measured Not measured 
2 2 0.1 0.09 L-Arginine 
monohydrochloride 
1925.34 261.01 8.70 
3 3 0.11 0.103 DL-Aspartic acid 3552.25 171.25 5.71 
4 4 0.1176 0.1181 D-Serine 770.50 102.21 3.41 
5 5 0.1765  
(L-Proline) 
0.1760 L-Proline and/or L-
Cysteine 
1820.45 Not measured Not measured 
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0.1818  
(L-Cysteine 
hydrochloride) 
hydrochloride 
6 6 0.1863 0.1876 DL-Threonine 804.76 149.63 4.99 
7 7 0.1909 0.1912 DL-Alanine 2513.35 204.25 6.81 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2951 Glycin and/or DL-
Valine 
2674.54 Not measured Not measured 
9 9 0.3273 0.3130 L-Glutamic acid 3785.2 349.25 11.64 
10 10 0.36  
(L-Tyrosine) 
0.3627  
(L-Methionine) 
0.3608 L-Tyrosine and/or 
L-Methionine 
1238.22 Not measured Not measured 
11 11 0.40 0.402 L-Leucine 2639.28 197.52 6.58 
12 12 0.4510 0.4528 L-Isoleucine 462.03 125.63 4.19 
13 13 0.5000 0.5110 DL- Phenylalanine 699.32 127.85 4.26 
14 14 0.5686 0.5672 DL-Tryptophan 255.55 42.52 1.42 
 
Table 6.41:  Measurement of water-soluble vitamins after six months of 
manufacturing in wheatgrass vati (F2)  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value 
of 
vitamins 
Rf value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration of vitamin 
(In ng/spot  
or In ng/50 µl) 
( g/Tablet) 
1 1 0.0 0.0 Pantothenic acid 
calcium salt  
121.6151 
 
38.21 6.37 
2 2 0.3293 0.3258 Thiamine 
hydrochoride 
152.43 
 
12.5 2.08 
3 3 0.3354 0.3359 Folic acid  474.07 28.21 4.70 
4 4 0.5732 0.5810 Ascorbic acid  47156.16 5752.2 958.7 
5 5 0.5976 0.5886 Pyridoxine 
hydrochoride  
335.99 
 
28.52 4.75 
6 6 ----- 0.7040 Unknown-1 1242 Not measured Not 
measured 
7 7 0.7378 0.7241 Riboflavin 1285.82 182.20 30.37 
8 8 ----- 0.8710 Unknown-2 271 Not measured Not 
measured 
9 9 0.8842 0.8927 D-Biotin 55.053 5.5 0.92 
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10 10 ----- 0.9101 Unknown-3 6620.41 Not measured Not 
measured 
11 11 ----- 0.9521 Unknown-4 5538.12 Not measured Not 
measured 
 
Table 6.42:  Measurement of amino acids after six months of manufacturing in 
aqueous extract of wheatgrass vati (F2)  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino 
acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino 
acid 
(In ng/spot  
or 
ng/5 µl) 
(In 
mg/Tablet) 
1 1 0.0455  
(L-Histidine 
monohydrochl
oride) 
0.0490  
(L-Lysine 
monohydrochl
oride) 
0.0460 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
1396.52 Not measured Not measured 
2 2 0.1 0.09 L-Arginine 
monohydrochloride 
1864.41 252.69 8.42 
3 3 0.11 0.104 DL-Aspartic acid 3571.76 172.46 5.75 
4 4 0.1176 0.1178 D-Serine 764.02 101.35 3.38 
5 5 0.1765  
(L-Proline) 
0.1818  
(L-Cysteine 
hydrochloride) 
0.1762 L-Proline and/or L-
Cysteine 
hydrochloride 
1798.63 Not measured Not measured 
6 6 0.1863 0.1870 DL-Threonine 770.52 141.67 4.72 
7 7 0.1909 0.1916 DL-Alanine 2458.09  199.29 6.64 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2957 Glycin and/or DL-
Valine 
2693.25 Not measured Not measured 
9 9 0.3273 0.3135 L-Glutamic acid 3645.90 335.32 11.18 
10 10 0.36  
(L-Tyrosine) 
0.3627  
(L-Methionine) 
0.3612 L-Tyrosine and/or 
L-Methionine 
1202.65 Not measured Not measured 
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11 11 0.40 0.404 L-Leucine 2491.12 186.21 6.21 
12 12 0.4510 0.4525 L-Isoleucine 449.36 121.54 4.05 
13 13 0.5000 0.5116 DL- Phenylalanine 660.70 119.33 3.98 
14 14 0.5686 0.5680 DL-Tryptophan 235.16 40.12 1.34 
 
6.5.4 Wheatgrass gel: 
 
 
 
Quality control tests for wheatgrass gel: 
Wheatgrass topical gel was evaluated for its various quality control parameters. (Table 
6.43-6.48) 
 
Table 6.43: Quality control tests of wheatgrass gel:
[149,151]
 
Parameters Values 
Clarity Good  
pH 6.8 
Viscosity 18523 cps 
Homogeneity good 
 
 
TLC of methanol extract of wheatgrass topical gel showed 17 spots at different Rf values 
viz. (1) 0.02 (orange), (2) 0.07 (light green), (3) 0.17 (light green), (4) 0.21 (green), (5) 
Figure 6.138: Wheatgrass gel prepared from whole extract obtained after 
successive extraction 
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0.23 (yellowish green), (6) 0.30 (dark yellow), (7) 0.33 (green), (8) 0.43 (light green), 
(9) 0.46 (yellowish green), (10) 0.52 (green), (11) 0.56 (green), (12) 0.59 (green), (13) 
0.65 (dark green), (14) 0.69 (yellowish green), (15) 0.70 (light grey), (16) 0.84 (grey), 
(17) 0.94 (orange). Area of each spot was tabulated (Table 6.44). 
 
Table 6.44: HPTLC of pigments present in wheatgrass gel 
Methanol Extract of Wheatgrass Gel 
Fresh gel Six months old gel 
Component 
code 
Spot 
no. 
Color of the 
spot 
Rf value 
(calculated) 
Area Rf value 
(calculated) 
Spot 
no. 
Area 
A 1 Orange 0.02 6062.081 0.03 1 5610.48 
N 2 Light green 0.07 6648.734 0.07 2 6293.107 
B 3 Light green 0.17 2248.837 0.17 3 2028.404 
UN 4 Green 0.21 3911.02 0.22 4 3694.181 
C 5 Yellowish 
green 
0.23 7626.489 0.24 5 7184.153 
D 6 Dark yellow 0.30 7626.489 0.29 6 7184.153 
O 7 Green 0.33 4604.244 0.34 7 4205.198 
F 8 Light green 0.43 6302.122 0.44 8 6002.599 
R 9 Yellowish 
green 
0.46 2737.714 0.47 9 2568.927 
G 10 Green 0.52 2933.265 0.51 10 2783.136 
P 11 Green 0.56 2679.049 0.57 11 2543.664 
H 12 Green 0.59 7888.775 0.60 12 7505.226 
I 13 Dark green 0.65 3715.469 0.64 13 3329.972 
J 14 Yellowish 
green 
0.69 5287.947 0.70 14 5015.246 
K 15 Light grey 0.70 6324.367 0.71 15 6101.554 
L 16 Grey 0.84 3867.999 0.84 16 3213.655 
M 17 Orange 0.94 4888.775 0.95 17 4105.226 
 
Vitamins present in wheatgrass gel were identified using Rf values and UV spectrum, 
whereas these were quantified using calibration curves of standard vitamins (Table 6.45, 
6.47).  
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Figure 6.139: HPTLC (Quantitative) - Chromatogram of aqueous extract of wheatgrass gel 
at 254 nm wavelength (for determination of vitamins) 
 
Table 6.45: Measurement of water-soluble vitamins immediately after 
manufacturing in wheatgrass gel  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value 
of 
vitamins 
Rf value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration of vitamin 
(In ng/spot  
or In ng/50 µl) 
g/10 g gel 
1 1 0.0 0.0 Pantothenic acid 
calcium salt  
12.62 3.97 3.97 
2 2 0.3293 0.3271 Thiamine 
hydrochloride 
16.18 1.31 1.31 
3 3 0.3354 0.3375 Folic acid  49.78 3.01 3.01 
4 4 0.5732 0.5815 Ascorbic acid  4887.91 596.24 596.24 
5 5 0.5976 0.5869 Pyridoxine 
hydrochoride  
27.64 2.15 2.15 
6 6 ----- 0.7002 Unknown-1 129.80 Not measured Not 
measured 
7 7 0.7378 0.7245 Riboflavin 135.81 19.24 19.24 
8 8 ----- 0.8641 Unknown-2 27.61 Not measured Not 
measured 
9 9 0.8842 0.8802 D-Biotin 5.63 0.5 0.5 
10 10 ----- 0.9105 Unknown-3 655.23 Not measured Not 
measured 
11 11 ----- 0.9543 Unknown-4 616.88 Not measured Not 
measured 
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Amino acids present in wheatgrass gel were identified using Rf values and quantified 
using calibration curves (Table 6.46, 6.48). 
 
 
Figure 6.140: HPTLC (Quantitative) - Chromatogram of aqueous extract of wheatgrass gel 
at 475 nm wavelength (for determination of amino acids) 
 
Table 6.46: Measurement of amino acids immediately after manufacturing in 
aqueous extract of wheatgrass gel  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino acid 
(In ng/spot  
or 
ng/5 µl) 
(In mg/10 g 
gel) 
1 1 0.0455  
(L-Histidine 
monohydro
chloride) 
0.0490  
(L-Lysine 
monohydro
chloride) 
0.0461 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
138.14 Not measured Not 
measured 
2 2 0.1 0.09 L-Arginine 
monohydrochloride 
187.15 25.37 5.07 
3 3 0.11 0.101 DL-Aspartic acid 359.09 17.37 3.47 
4 4 0.1176 0.1181 D-Serine 69.83 9.26 1.85 
5 5 0.1765  
(L-Proline) 
0.1818  
(L-Cysteine 
hydrochlori
de) 
0.1768 L-Proline and/or L-
Cysteine hydrochloride 
180.24 Not measured Not 
measured 
6 6 0.1863 0.1872 DL-Threonine 77.47 14.27 2.85 
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7 7 0.1909 0.1918 DL-Alanine 240.79 19.48 3.90 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2961 Glycin and/or DL-
Valine 
270.37 Not measured Not 
measured 
9 9 0.3273 0.3133 L-Glutamic acid 371.78 34.25 6.85 
10 10 0.36  
(L-
Tyrosine) 
0.3627  
(L-
Methionine) 
0.3618 L-Tyrosine and/or L-
Methionine 
120.36 Not measured Not 
measured 
11 11 0.40 0.408 L-Leucine 244.45 18.27 3.65 
12 12 0.4510 0.4531 L-Isoleucine 45.50 12.34 2.47 
13 13 0.5000 0.5104 DL-PhenylAlanine 63.39 11.34 2.27 
14 14 0.5686 0.5675 DL-Tryptophan 23.69 4.03 0.81 
 
Table 6.47: Measurement of water-soluble vitamins after six months of 
manufacturing in wheatgrass gel  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value 
of 
vitamins 
Rf value 
found 
Name of probable 
vitamin 
Area 
found 
Concentration 
of vitamin 
(In ng/spot  
or In ng/50 µl) 
g/10 g gel 
1 1 0.0 0.0 Pantothenic acid 
calcium salt  
12.187 3.83 3.83 
2 2 0.3293 0.3271 Thiamine 
hydrochloride 
14.965 1.23 1.23 
3 3 0.3354 0.3375 Folic acid  47.332 2.82 2.82 
4 4 0.5976 0.5869 Pyridoxine 
hydrochoride  
26.498 2.02 2.02 
5 5 0.5732 0.5815 Ascorbic acid  4780.50
3 
583.14 583.14 
6 6 ----- 0.7002 Unknown-1 127.421 Not 
measured 
Not 
measured 
7 7 0.7378 0.7245 Riboflavin 130.808 18.54 18.54 
8 8 ----- 0.8641 Unknown-2 26.945 Not 
measured 
Not 
measured 
9 9 0.8842 0.8802 D-Biotin 5.505 0.51 0.51 
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10 10 ----- 0.9105 Unknown-3 654.101 Not 
measured 
Not 
measured 
11 11 ----- 0.9543 Unknown-4 591.570 Not 
measured 
Not 
measured 
 
Table 6.48: Measurement of amino acids after six months of manufacturing     
in aqueous extract of wheatgrass gel  
Sr. 
no. 
Spot 
no. 
Standard 
Rf value of 
amino 
acid 
Rf 
value 
found 
Name of probable 
amino acid 
Area 
found 
Concentration of amino 
acid 
(In ng/spot  
or 
ng/5 µl) 
 
(In mg/10 g 
gel 
1 1 0.0455  
(L-Histidine 
monohydrochl
oride) 
0.0490  
(L-Lysine 
monohydrochl
oride) 
0.0461 L-Histidine 
monohydrochloride 
and/or L-Lysine 
monohydrochloride 
137.22 Not 
measured 
Not 
measured 
2 2 0.1 0.09 L-Arginine 
monohydrochloride 
181.08 24.54 4.91 
3 3 0.11 0.101 DL-Aspartic acid 347.28 16.63 3.33 
4 4 0.1176 0.1181 D-Serine 67.31 8.93 1.79 
5 5 0.1765  
(L-Proline) 
0.1818  
(L-Cysteine 
hydrochloride) 
0.1768 L-Proline and/or L-
Cysteine 
hydrochloride 
179.87 Not 
measured 
Not 
measured 
6 6 0.1863 0.1872 DL-Threonine 73.13 13.26 2.65 
7 7 0.1909 0.1918 DL-Alanine 227.91 18.32 3.66 
8 8 0.2909 
(Glycin) 
0.3010 
(Valine) 
0.2961 Glycin and/or DL-
Valine 
267.02 Not 
measured 
Not 
measured 
9 9 0.3273 0.3133 L-Glutamic acid 331.93 30.27 6.05 
10 10 0.36  
(L-Tyrosine) 
0.3618 L-Tyrosine and/or 
L-Methionine 
119.33 Not 
measured 
Not 
measured 
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0.3627  
(L-Methionine) 
11 11 0.40 0.408 L-Leucine 228.28 17.03 3.41 
12 12 0.4510 0.4531 L-Isoleucine 41.26 10.97 2.19 
13 13 0.5000 0.5104 DL-PhenylAlanine 60.41 10.68 2.14 
14 14 0.5686 0.5675 DL-Tryptophan 21.31 3.75 0.75 
 
Table 6.49: Comparison of area of pigments in various extracts and formulations     
Sr. 
no. 
Code of 
pigment 
FWG-M 
(Area) 
FWG-A 
(Area) 
OWG-
M12  
(Area) 
WMV-1 
(Area) 
WMV-6 
(Area) 
WWV-1 
(Area) 
WWV-6 
(Area) 
WG-1 
(Area) 
 
WG-6 
(Area)  
1 A 9386.45 6257.63 5866.5
3 
6550.96 6157.90 5670.98 5387.43 6062.08 5610.48 
2 B 2835.49 - 1955.5
1 
2346.612 2105.82 2346.61 2229.28 2248.84 2028.40 
3 C 12493.2
75 
8799.7
95 
1564.4
08 
8248.837 8113.906 8408.69
3 
7988.25
8 
7626.4
89 
7184.1
53 
4 D 7626.48
9 
8346.12 4302.1
22 
6453.183 6065.992 6257.63
2 
5944.75 7626.48
9 
7184.15
3 
5 E 6785.62 9386.44
8 
5475.4
28 
5475.428 5196.902 4439.00
8 
4217.057 - - 
6 F 8604.24
4 
7235.38
7 
2991.9
3 
8213.142 7720.353 6128.81
6 
5972.375 6302.12
2 
6002.59
9 
7 G 3155.51 2933.26
5 
- 2857.735 2746.27 3422.14
3 
3251.035 2933.26
5 
2783.13
6 
8 H 8506.46
9 
- - 7861.15 7389.481 7319.96
9 
7253.971 7888.77
5 
7505.22
6 
9 I 5846.61
2 
- 5084.3
26 
5151.061 5021.997 5866.53 5573.204 3715.46
9 
3329.97
2 
10 J 6648.73
4 
- - 6062.081 5598.356 5279.87
7 
5015.883 5287.94
7 
5015.24
6 
11 K 8310.91
8 
6062.08
1 
3128.8
16 
6550.959 6057.901 5475.42
8 
5201.657 6324.36
7 
6101.55
4 
12 L 4466.63
3 
4008.79
6 
1173.3
06 
4407.967 4123.489 3911.02 3715.469 3867.99
9 
3213.65
5 
13 M 4602.33
1 
5084.32
6 
4493.2
75 
4363.477 3101.669 4839.88
7 
4597.893 4888.77
5 
4105.22
6 
14 N - 7626.48
9 
NA NA NA 6648.73
4 
6316.297 6648.73
4 
6293.10
7 
RESULTS 
 
 Page 161 
 
15 O - 5075.31 NA NA NA 4888.77
5 
4644.336 4604.24
4 
4205.19
8 
16 P - 2808.69
3 
NA NA NA 1564.40
8 
1486.188 2679.04
9 
2543.66
4 
17 Q - 5866.53 NA NA NA - - - - 
18 R - - NA NA NA - - 2737.71
4 
2568.92
7 
19 UN - - NA NA NA 2737.71
4 
2600.828 3911.02 3694.18
1 
 
Amount of various pigments present in various formulations were compared with the 
amounts present in methanol extract and acetone extract. Component N, O and P were 
compared with respect to acetone extract, because these three components were only 
found in acetone extract, whereas for all other pigments amount present in methanol 
extracts were used for comparison. 
 
Table 6.50: Comparison of % area of pigments in various extracts and 
formulations     
Sr. 
no. 
Code of 
pigment 
OWG-M12 
(%) 
WMV-1 
(%) 
WMV-6 
(%) 
WWV-1 
(%) 
WWV-6 
(%) 
WG-1 
(%) 
WG-6 
(%) 
1 A  62.5 69.792 65.604 - - - - 
2 B  68.966 82.757 74.266 82.759 78.621 79.310 71.536 
3 C  12.522 66.026 64.946 - - - - 
4 D  56.410 84.615 79.539 - - - - 
5 E  80.692 80.692 76.587 - - - - 
6 F  34.773 95.455 89.727 - - - - 
7 G  - 90.563 87.031 - - - - 
8 H  - 92.414 86.869 86.052 85.276 92.739 88.230 
9 I  86.962 88.103 85.896 100.341 95.324 63.550 56.956 
10 J  - 91.177 84.202 79.412 75.441 79.533 75.432 
11 K  37.647 78.824 72.891 - - - - 
12 L  26.268 98.687 92.318 - - - - 
13 M  97.630 94.810 67.393 - - - - 
14 N # - - - 87.180 82.821 87.180 82.516 
15 O # - - - 96.325 91.508 90.719 82.856 
16 P # - - - 55.699 52.914 95.384 90.564 
 % of pigments present in formulations were calculated by considering area of 
pigments present in fresh methanol extract as 100 %.  
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# % of pigments present in formulations were calculated by considering area of pigments 
present in fresh acetone extract as 100 %.  
 
Table 6.51: Comparison of area of vitamins in various extract and formulations 
Sr. 
no. 
Name of 
probable vitamin 
FWG 
(Area) 
WMV-1 
(Area) 
WMV-6 
(Area) 
WWV-1 
(Area) 
WWV-6 
(Area) 
WG-1 
(Area) 
(Area/spot) 
x 10 
WG-6 
(Area)  
(Area/spot) 
x 10 
1 Pantothenic acid 
calcium salt  
130.35 124.71 118.21 127.31 121.62 126.15 121.87 
2 Thiamine 
hydrochoride 
174.42 168.85 158.15 172.95 152.43 161.81 149.65 
3 Folic acid  509.03 499.01 479.96 485.10 474.07 497.75 473.32 
4 Pyridoxine 
hydrochoride  
365.72 369.05 365.29 350.00 335.99 276.35 264.98 
5 Ascorbic acid  49376.2
0 
48599.42 47981.94 48067.12 47156.1
6 
48879.0
5 
47805.0
3 
6 Riboflavin 1340.94 1359.67 1289.21 1313.10 1285.82 1358.05 1308.08 
7 D-Biotin 57.09 53.42 53.34 55.46 55.053 56.28 55.05 
 
Table 6.52: Comparison of amount of vitamins present in various extract and 
formulations  
Sr. 
no. 
Name of probable 
vitamin 
FWG 
(%) 
WMV-1 
(%) 
WMV-6 
(%) 
WWV-1 
(%) 
WWV-6 
(%) 
WG-1 
(%) 
WG-6 
(%) 
1 Pantothenic acid 
calcium salt 
100 95.67 90.69 97.67 93.30 96.78 93.49 
2 Thiamine 
hydrochoride 
100 96.81 90.67 99.16 87.39 92.77 85.80 
3 Folic acid 100 98.03 94.29 95.30 93.13 97.78 92.98 
4 Pyridoxine 
hydrochoride 
100 100.91 99.88 95.70 91.87 75.56 72.45 
5 Ascorbic acid 100 98.43 97.18 97.35 95.50 99.00 96.82 
6 Riboflavin 100 101.40 96.14 97.92 95.89 101.28 97.55 
7 D-Biotin 100 93.57 93.43 97.15 96.43 98.58 96.43 
 
Here % of vitamins present in formulations were calculated by considering area of 
vitamins present in aqueous extract of fresh wheatgrass as 100 %.  
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Table 6.53: Comparison of area of amino acids present in various extract and 
formulations       
Sr. 
no. 
Name of 
probable 
amino acids 
FWG 
(Area) 
WMV-1 
(Area) 
WMV-6 
(Area) 
WWV-1 
(Area) 
WWV-6 
(Area) 
WG-1 
(Area) 
(Area/spot) 
x 10 
WG-6 
(Area)  
(Area/spot) 
x 10 
1 L-Arginine 
monohydrochl
oride 
1881.35 1787.06 
 
1736.25 
 
1925.34 1864.41 
 
1871.53 1810.82 
2 DL-Aspartic 
acid 
3520.21 3552.90 3507.11 3552.25 3571.76 3590.94 3472.78 
3 D-Serine 753.84 743.43 721.64 770.50 764.02 698.34 673.07 
4 DL-Threonine 827.86 804.72 757.23 804.76 770.52 774.74 731.34 
5 DL-Alanine 2466.00 2453.86 2320.85 2513.35 2458.09 2407.85 2279.07 
6 L-Glutamic 
acid 
3842.70 3776.90 3679.80 3785.20 3645.90 3717.80 3319.30 
7 L-Leucine 2802.77 2740.02 2939.01 2639.28 2491.12 2444.49 2282.83 
8 L-Isoleucine 444.59 445.71 436.97 462.03 449.36 455.00 412.60 
9 DL- 
PhenylAlanine 
663.74 705.80 659.44 699.32 660.70 633.92 604.10 
10 DL-
Tryptophan 
234.14 223.52 209.84 255.55 235.16 236.94 213.07 
 
Table 6.54: Comparison of amount of amino acids present in various extract and 
formulations  
Sr. 
no. 
Name of 
probable 
amino acids 
FWG 
(%) 
WMV-1 
(%) 
WMV-6 
(%) 
WWV-1 
(%) 
WWV-6 
(%) 
WG-1 
(%) 
WG-6 
(%) 
1 L-Arginine 
monohydrochlo
ride 
100 94.99 92.29 102.34 99.10 99.48 96.25 
2 DL-Aspartic 
acid 
100 100.93 99.63 100.91 101.46 102.01 98.66 
3 D-Serine 100 98.62 95.73 102.21 101.35 92.64 89.29 
4 DL-Threonine 100 97.21 91.47 97.21 93.07 93.58 88.34 
5 DL-Alanine 100 99.51 94.11 101.92 99.68 97.64 92.42 
6 L-Glutamic 
acid 
100 98.29 95.76 98.50 94.88 96.75 86.38 
7 L-Leucine 100 97.76 104.86 94.17 88.88 87.22 81.45 
8 L-Isoleucine 100 100.26 98.29 103.92 101.07 102.34 92.81 
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9 DL-
Phenylalanine 
100 106.34 99.35 105.36 99.54 95.51 91.02 
10 DL-Tryptophan 100 95.47 89.62 109.14 100.44 101.20 91.00 
 
Here % of amino acids present in formulations were calculated by considering area of 
amino acids present in aqueous extract of fresh wheatgrass as 100 %.  
 
FWG-A: Acetone extract of fresh wheatgrass 
FWG-M: Methanol extract of fresh wheatgrass 
OWG-M12:  One year old methanol extract of wheatgrass 
FWG: Aqueous extract of fresh wheatgrass  
WMV-1: Aqueous extract of wheatgrass vati prepared from methanol extract within one 
month of manufacturing 
WMV-6: Aqueous extract of wheatgrass vati prepared from methanol extract after six 
months of manufacturing 
WWV-1: Aqueous extract of wheatgrass vati prepared from whole extract within one 
month of manufacturing 
WWV-6: Aqueous extract of wheatgrass vati prepared from whole extract after six 
months of manufacturing 
WG-1: Aqueous extract of wheatgrass gel within one month of manufacturing       
WG-6: Aqueous extract of wheatgrass gel after six months of manufacturing 
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7. DISCUSSION 
Wheatgrass has been traditionally used to treat various diseases/disorders and also as 
a health tonic. Presently, there are a number of wheatgrass suppliers, in almost all 
cities of India, supplying fresh wheatgrass daily to their regular customers. To ensure 
that proper quality of wheatgrass is supplied to the consumer, it is essential to 
characterize wheatgrass, hence, in this project we had decided to carry out 
morphological, microscopic and phytochemical studies of wheatgrass. Wheat species 
differ from one another both morphologically and genetically.  
In our investigation, certified samples of three major species of wheat viz. Triticum 
aestivum, Triticum durum and Triticum dicoccum were acquired from the Wheat 
Research Center, Gujarat Krushi University, Junagadh, Gujarat and grown in plastic 
trays as per the standard procedure. In confirmation with the description in 
literature;
[39]
 the leaves were mainly near glabrous, auriculate, with blades narrowly to 
broadly linear; broad to narrow; 2-20 mm wide; flat; without cross venation.
[39]
 
To strengthen laboratory testing of wheatgrass quality, we carried out microscopic 
and phyto chemical studies of different species of wheatgrass. Microscopic studies of 
transverse sections, surface preparations and powder studies of the three species of 
wheatgrass were conducted using high-resolution microscope. Observations in 
microscopic studies of different species also confirmed characteristics reported in 
literature.
[39] 
In transverse section, the wheatgrass leaf showed 1. elaborate epidermis 
with characteristic stomata and trichomes 2. green assimilating parenchyma 3. 
conducting vascular bundles, and 4. longitudinal strands of fibrous stereome or 
supporting tissue. The upper surface of the leaf showed a series of longitudinal ridges 
or ribs, the lower surface being almost flat. At the summit of each ridge was a single 
row of elongated thick-walled and pitted cells alternating with hairs. The trichomes or 
hairs were always unicellular, and vary much in length and stoutness. On the leaves of 
T. aestivum, ample number of hair were present, while in T. dicoccum and T. durum 
they were sparsely distributed on the surface of the leaf. Stomata were observed at the 
base of the ridge arranged in single or double lines. Each stoma on the leaf consists of 
four cells, the two guard cells being narrow, with specially thickened walls round the 
stomatal pore and thin-walled widely dilated ends. Pores of the stomata are seen to be 
in communication with large intracellular cavities in the mesophyll, called lacune. In 
the furrow between two ridges is a band of three to seven rows of motor cells. 
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Vascular bundles are collateral, with the xylem towards the upper surface of the leaf 
and the phloem bellow. In surface preparation, trichomes or hairs of various lengths 
were found scattered along the rows at more or less at regular intervals except in T. 
durum.  
Phytochemical tests suggested that wheatgrass contains phenolic compounds, 
flavonoids, proteins and amino acids in methanol, water and acetone extracts, whereas 
these were absent in petroleum ether, benzene and chloroform extract. Alkaloids and 
cardiac glycosides were not detected in our chemical tests.   
Many scientific reports on nutritional analysis of wheatgrass have been published.
[29-
31]
 These reports and the phytochemical analyses of wheatgrass, in the present project, 
revealed that wheatgrass is a rich source of chlorophyll, vitamins, amino acids, 
various minerals like iron, magnesium, calcium, selenium, zinc, chromium, 
phosphorus, antioxidants like beta carotene (pro-vitamin A), vitamin E, vitamin C, 
antianemic factors like vitamin B12, folic acid, pyridoxine and many other enzymes, 
which have significant nutritious and medicinal value and insoluble dietary fibers.
[153]
  
HPTLC and flame photometry methods were used for quantitative estimation of 
various constituents present in wheatgrass. TLCs of methanol and acetone extract of 
fresh wheatgrass were carried out in n-hexane: acetone: methanol (13.5: 7: 0.25) 
solvent system for estimation of pigments. Chromatograms of extracts were recorded. 
Individual spots (components) in chromatogram were scanned between 200-700 nm 
wavelength to obtain their spectra for the purpose of identification of components of 
wheatgrass in further investigations. 
Methanol extract of fresh wheatgrass showed 13 spots at different Rf values viz. (1) 
0.03 (orange) (2) 0.17 (light green) , (3) 0.23 (light green), (4) 0.30 (yellow), (5) 0.34 
(yellow), (6) 0.44 (green), (7) 0.51 (green), (8) 0.58 (light green), (9) 0.64 (dark 
green), (10) 0.69 (yellowish green) (11) 0.71 (light grey), (12) 0.84 (grey), (13) 0.95 
(orange). One year old methanol extract showed 10 spots. Spots at Rf value, 0.51, 
0.58 and 0.69, were not detected in one year old extract. It showed that some 
pigments may have been degraded during one year. 
TLC of acetone extract of fresh wheatgrass was also carried out and chromatograms 
(tracks) were recorded. Acetone extract showed 13 spots at different Rf values viz. (1) 
0.02 (orange) (2) 0.06 (light green), (3) 0.21 (yellowish green), (4) 0.29 (yellow), (5) 
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0.33 (green), (6) 0.37 (light green), (7) 0.45 (green), (8) 0.52 (green), (9) 0.57 (green), 
(10) 0.71 (green), (11) 0.72 (light grey), (12) 0.84 (grey), (13) 0.94 (orange). 
Among these 13 spots, 9 components detected at different Rf values viz. 0.02, 0.21, 
0.29, 0.37, 0.45, 0.52, 0.72, 0.84 and 0.94 were common in methanol and acetone 
extract. 
TLC of aqueous extract of wheatgrass was carried out in n-propanol: chloroform: 
acetic acid: ammonia: deionised water (7:4:5:1:1) solvent system and scanned at 254 
nm and 210 nm wavelength for determination of amount of vitamins present in 
wheatgrass. Aqueous extract showed 10 spots at different Rf values viz. (1) 0.0, (2) 
0.3230, (3) 0.3412, (4) 0.5832, (5) 0.5843, (6) 0.7012, (7) 0.7153, (8) 0.8652, (9) 
0.8951, (10) 0.9127. With the help of standard mixture analysis and calibration curves 
of vitamins, 7 different vitamins were identified and quantified in aqueous extract of 
wheatgrass. We found that wheatgrass contains, pantothenic acid, thiamine, folic acid, 
pyridoxine, ascorbic acid, riboflavin and D-biotin. It was not possible to identify other 
vitamins present in wheatgrass. Wheatgrass can be useful in cleaning up the residues 
of cigarette smoke and other forms of air pollution, in scurvy and in clearing occluded 
(blocked) arteries, particularly the coronary artery, due to its ascorbic acid content. 
Because of the presence of folic acid and pyridoxine, wheatgrass can also be useful in 
anaemia. Wheatgrass may be useful in treatment of other vitamin deficiency disorders 
like dermatitis, beriberi and parasthesia because of its biotin, pantothenic acid and 
thiamine contents, respectively. 
TLC of aqueous extract of wheatgrass was carried out in n-butanol: acetic acid: water 
(5:2.5:2.5) solvent system and scanned at 475 nm wavelength for determination of 
amount of amino acids present in wheatgrass. Aqueous extract showed 14 spots at 
different Rf values viz. (1) 0.0471, (2) 0.09, (3) 0.10, (4) 0.1192, (5) 0.1796, (6) 
0.1912, (7) 0.1926, (8) 0.2951, (9) 0.3312, (10) 0.3610, (11) 0.405, (12) 0.4535, (13) 
0.5124, (14) 0.5686. With the help of standard mixture analysis and calibration curves 
of amino acids, 10 different amino acids were identified and quantified in aqueous 
extract of wheatgrass. It was not possible to identify other amino acids as their Rf 
values and UV spectra were similar to each other. Because of its amino acids contents 
wheatgrass can be useful in many ways like to improve hearing, nerve and thyroid 
function, as an anti ageing substance, for brain stimulation, for providing energy and 
for glutamic acid absorption. 
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Further, analyses can be made far more rapidly by the flame photometer than by the 
best gravimetric and volumetric methods when the instrument is properly operated. 
With flame photometry, results can be produced promptly because of the direct 
procedure, which is impossible with chemical methods. This method is properly 
validated using standard chemicals and it can be applied to any formulation. In our 
project, the contents of sodium, potassium, calcium and lithium in methanol and 
aqueous extracts of wheatgrass were determined in terms of mmol/L, ppm and 
mg/100 g of fresh wheatgrass. Results show that wheatgrass contains 80-84 mg 
calcium per 100 g fresh wheatgrass in aqueous extract, 60-68 mg calcium per 100 g 
fresh wheatgrass in methanol extract, 23-25 mg sodium per 100 g fresh wheatgrass in 
aqueous and methanol extract, whereas 74-75 mg potassium per 100 g fresh 
wheatgrass in water extract and 39-43 mg potassium per 100 g fresh wheatgrass in 
methanol extract. As per this result lithium was absent in water and methanol extract. 
We also tried to detect amount of elements in acetone extract, but in acetone; flame 
was not stable and the intensity of flame was very high, so it was not possible to 
conduct analysis of acetone extract. As per our analysis potassium and calcium is 
present in more amount in aqueous extract than in methanol extract. 
Our bodies are complex systems in which there is a delicate chemical balance that 
keeps everything functioning, as it should. Disruptions to the system are going to have 
consequences with some being more severe than others. Some of these consequences 
can take the form of disease or irreversible damage.  
Potassium is the major cation found inside of cells.
[31n]
 The proper level of potassium 
is essential for normal cell function. An abnormal decrease of potassium 
(hypokalemia) can profoundly affect the nervous system and heart, and when 
extreme, can be fatal. Helping to regulate the body's fluid levels is one of the mineral 
potassium's greatest functions. It also has a great part in regulating the blood pressure. 
Potassium works to promote the proper functioning of the tissue that makes up the 
nervous system. It also serves to enhance muscle control plus the growth and health of 
cells particularly through its importance in waste product removal. This mineral is 
also vital to the kidneys in their waste removal tasks. Potassium also plays an 
important role to mental function as well as to physical processes. It helps to promote 
efficient cognitive functioning by playing a significant role in getting oxygen to the 
brain.
[30]
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Failing to meet the standard recommended daily intake levels of potassium can lead to 
a variety of negative consequences for both physical well being and mental health. 
Physical symptoms can include muscular cramps and twitching, muscular weakness, 
even actual muscle damage, poor reflexes, fatigue, fragile bones, irregular heartbeat 
and other cardiovascular irregularities, kidney failure, lung failure, and cardiac arrest. 
Mental symptoms can include nervous disorders of various types, anorexia, insomnia, 
a slowdown of cognitive processes, and depression.
[32]
 
Sodium is the major extracellular cation and it plays a role in body fluid distribution. 
Reduction in the concentration of sodium ions inside the plasma (extracellular) 
causes, hyponatremia. Sodium is essential to the body for fluid balance, muscle 
contractions and nerve reactions. Sodium is important in maintaining human body 
fluid volume and maintaining electric potential in the animal tissue.
[33]
 
Calcium strengthen our bones. Most (99%) of calcium is found in bones and teeth 
[34-
35]
 with the remaining 1 % in the soft tissues and watery parts of the body where 
calcium helps to regulate normal processes of the body.
[35]
 A constant supply of 
calcium is necessary throughout our lifetime, but is especially important during 
phases of growth, pregnancy, and lactation (breast feeding). Calcium is responsible 
for construction, formation and maintenance of bone and teeth, muscle contraction. 
Calcium is a vital component in blood clotting systems in the production of enzymes 
and hormones that regulate digestion, energy, and fat metabolism and also helps in 
wound healing. Calcium helps to control blood pressure, nerve transmission, and 
release of neurotransmitters, to transport ions (electrically charged particles) across 
the membrane, to reduce the incidence of premature heart disease, especially if 
adequate intakes of magnesium are also maintained, to reduce the occurrence of 
osteoporosis, maintaining all cells and connective tissues in the body, may help to 
prevent periodontal disease (gum disease).
[14,35,36,52]
 Calcium Deficiency can lead to 
loss of calcium from the bone (initially from the jaw and the backbone), which can 
lead to deformity, can cause extreme nerve sensitivity, muscle spasms, and leg cramps 
(called tetany) at very low levels in the blood.
[14,52,72,73] 
In today’s fast lifestyle and fast-food world, deficiency of any or many of nutritional 
factors could easily occur culminating into a disease or disorder. Ensuring regular 
consumption of recommended intake of vitamins, mineral and other nutrients that our 
body needs, is vital in maintaining healthy physic and mind.
[30] 
This may be difficult 
in context of today's lifestyle. This concern can be addressed by nutritional 
DISCUSSION 
 
 Page 170 
 
supplements. Findings of our study suggest that wheatgrass and its formulation can be 
effectively used in most of the above-mentioned disorders caused by deficiency of 
vitamins, amino acids and minerals like sodium, potassium and calcium. As reported 
by Ann Wigmore in her famous book on wheatgrass ‘young grasses and other 
chlorophyll-rich plants are a safe and effective treatment for ailments such as high 
blood pressure, some cancers, obesity, diabetes, gastritis, ulcers, pancreas and liver 
problems, fatigue, anemia, asthma, eczema, hemorrhoids, skin problems, halitosis, 
body odor and constipation’. Thus, results of our study fully endorse the claims made 
by Wigmore.
[17]
   
Topical application of wheatgrass juice has been recommended for treatment of skin 
diseases.
[17]
 For studying beneficial effect of wheatgrass in skin diseases, anti 
inflammatory activity in particular, carrageenan-induced hind paw edema in rats was 
selected as the experimental model in the present project, which also served as 
primary screening method for anti-inflammatory activity. Development of edema 
induced by carrageenan is commonly correlated with early exudative stage of 
inflammation. Results of our study show that the methanol, aqueous and acetone 
extracts of wheatgrass possess a significant anti-inflammatory effect against paw 
edema induced by carrageenan. The maximum anti-inflammatory activity was 
observed after 5 hours. The % inhibition of paw edema in control group was 0.0 %, 
while it was 80.87% in diclofenac group, 50.64% in acetone extract, 73.38% in 
methanol extract and 63.81% in aqueous extract. The anti-inflammatory activity of 
methanol extract was highest among all other extracts, but lesser than the standard 
drug. Further studies of methanol extract of wheatgrass, in this context, may come up 
with a novel, safe and effective anti-inflammatory drug molecule.  
Several studies document the use of chlorophyll in treatment of ulcers, resistant to 
more conventional therapies.
[35]
 Since, wheatgrass is a rich source of chlorophyll, in 
the present study, we evaluated effectiveness of wheatgrass in ulcer. Ethanol is a 
commonly used ulcerogenic agent and when given by gavage to rats, it produces 
severe gastric hemorrhagic lesions. The mechanism of ethanol-induced gastric lesions 
is varied, including the depletion of gastric mucus content, damaged mucosal blood 
flow and mucosal cell injury. In addition, ethanol-induced gastric mucosal damage is 
associated with overproduction of free radicals. Results of our study clearly 
demonstrate that wheatgrass juice confers protection against gross damaging actions 
of ethanol on gastric mucosa of rats. The anti-ulcer activity of wheatgrass could be 
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mediated by strengthening of gastric mucosal barrier, anti-oxidant activity, increase in 
gastric mucosal blood flow, improved gastric mucus content or cytoprotection.
[154]
 So, 
wheatgrass or its formulation can be effectively used to treat stomach ulcer disease. 
Wheatgrass has been traditionally used, since ancient times, to treat various diseases 
and disorders. According to Ann Wigmore, considered to be an authority in 
wheatgrass therapy and who is believed to have treated thousands of patients with 
wheatgrass juice, the daily dose of wheatgrass for a patient suffering from chronic 
ailments e.g. thalassemia, should be 100 g fresh wheatgrass. To obtain 100 g fresh 
wheatgrass daily in all seasons may be difficult. Further, consuming such a large 
quantity of strong pungent wheatgrass juice may reduce patient compliance, 
particularly in case of female patients and also among child patients, as in 
thalassemia. Hence, we perceived that, reduced patient compliance or irregularity and 
insufficient dosing, are major drawbacks in success of wheatgrass therapy. To 
alleviate this shortcoming in wheatgrass therapy, we attempted to convert 
recommended daily dose of 100 g wheatgrass in to consistently available and more 
acceptable dosage form of vati. In our study we found that 100 g of wheatgrass 
yielded 1.67 g of dried methanol extract. From 1.67 g of dried extract, 3 vatis (F1), 
weighing 912 mg each, were prepared. Thus each vati (F1) contained 555 mg of dried 
methanol extract of wheatgrass. Hence, one vati (F1) taken three times in a day would 
provide medicinal benefits equivalent to the dose of 100 g of fresh wheatgrass in 
thalassemia. Thus, the vati prepared in our project, may help improve patient 
compliance and hence, ensure better outcome of long term treatment in thalassemic 
patients. 
Formulation F2 was prepared from combination of petroleum ether, acetone, 
methanol and water extract obtained during successive extraction. We found that 100 
g of wheatgrass yielded 0.08 g petroleum ether extract, 0.75 g acetone extract, 1.5 g 
methanol extract and 2.5 g water extract. Total sum of these dried extract was 4.83 g. 
From 4.83 g of combined extract, six vatis (F2), weighing 1017 mg were prepared. 
Thus each vati (F2) contained 805 mg of combined extract. Hence, two vati (F2) 
taken three times in a day would provide medicinal benefits in equivalent to 100 g of 
fresh wheatgrass.  
Random samples of these vatis were subjected to various pharmaceutical quality 
control tests like colour, shape, hardness, thickness, diameter, friability, weight 
variation, determination of vitamins, amino acids and pigments. Vati-F1 was round 
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shaped with flat surface having dark green colour, whereas F2 was round with convex 
surface having light green colour with dark green spots on surface. Average weight of 
vati-F1 and F2 were 912 mg and 1017 mg respectively. Hardness of vati-F1 was less 
(i.e., 3.3 kg/cm
2
), compared to vati-F2 (i.e., 5.2 kg/cm
2
). Size of vati-F1 was also less 
(i.e., 11.116 mm diameter and 6.05 mm thickness), compared to vati-F2 (i.e., 12.2 
mm diameter and 7.53 mm thickness). Friability of vati-F1 was also less (i.e., 0.4112 
%), compared to vati-F2 (i.e., 0.885 %). Vati-F1 disintegrated within 11.20 minute, 
while disintegration time of vati-F2 was 6.6 minutes. Both formulations confirmed to 
the standards of quality control parameters.  
In the present study we formulated a gel formulation of wheatgrass for treatment of 
skin diseases, using carbopol 940. The gel was evaluated for various physicochemical 
parameters like clarity, pH, viscosity, homogenity and content of amino acids, 
vitamins and pigments. Stability of constituents present in wheatgrass gel was also, 
checked by determining its contents, after six months of manufacturing.  
TLCs of the various formulations were carried out when these were freshly prepared 
and then after six months of manufacturing. TLCs of vati-F1, F2 and gel were carried 
out in n-hexane: acetone: methanol (13.5: 7: 0.25) solvent system for determination of 
amount of pigments present in formulations, when these were freshly prepared and 
then after six months of manufacturing. Methanol extracts of equivalent amounts of 
these formulations were subjected to quantitative HPTLC. Chromatograms of the 
formulations were recorded. Individual spots (components) in chromatogram were 
scanned between 200-700 nm wavelength and compared with spectrum obtained in 
fresh wheatgrass analysis. Using UV spectrum and Rf values, different components 
were identified.  
Area under curve (AUC) of different components were measured in chromatogram of 
each formulation and analyzed for comparison with that of fresh wheatgrass. 
Methanol extract of F1 showed 13 spots. Methanol extract of wheatgrass vati 
prepared from whole extract-F2 showed 17 spots at different values. Both 
formulations, F1 and F2, contained 74-95% of pigments compared to pigments 
presents in fresh wheatgrass (except component P-53 %).  
In HPTLC, methanol extract of wheatgrass topical gel showed 17 spots. As per this 
study, components N (Rf-0.07), O (Rf-0.33), P (Rf-0.56) and UN (Rf-0.21) were not 
present in vat-F1, indicates that these components were not present in methanol 
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extract of wheatgrass. Component- R (Rf-0.46) was only present in gel formulation. 
Component-E (Rf-0.34) was not present in gel formulation. 
Wheatgrass gel can be useful in radiation, inflammation, bacterial infection, wounds, 
burns caused by heat, chemicals, and radiation, because of presence of chlorophyll 
contents.
[33]
 By comparing UV spectrum, standard Rf values and colors reported in 
literature, spot detected at 0.95 or 0.94 was -carotene. -carotene has been positively 
linked to increased protection against many forms of cancer, including lung, bladder, 
rectal, oral and dermal (skin) cancers. Thus, wheatgrass and its vatis can be helpful in 
cancer. 
TLCs of vati-F1, F2 and gel were carried out in n-propanol: chloroform: acetic acid: 
ammonia: deionised water (7:4:5:1:1) solvent system for determination of amount of 
vitamins present in formulations, when these were freshly prepared and then after six 
months of manufacturing. With the help of standard mixture analysis and calibration 
curves of vitamins, 7 different vitamins were identified and quantified in aqueous 
extract of these wheatgrass formulations. Results of the study showed that vitamins 
remain stable even after six months, if formulations are stored at room temperature 
and protected from light. Formulation-F1 contained 90-100 % vitamins, compared to 
contents present in fresh wheatgrass. 
TLCs of vati-F1, F2 and gel were carried out in n-butanol: acetic acid: water 
(5:2.5:2.5) solvent system for determination of amount of amino acids present in 
formulations, when these were freshly prepared and then after six months of 
manufacturing. With the help of standard mixture analysis and calibration curves of 
amino acids, 10 different amino acids were identified and quantified in aqueous 
extract of these wheatgrass formulations. Other amino acids were not possible to 
identify, because their Rf values and UV spectrum were almost similar to each other. 
Results showed that amino acids remain stable even after six months, if formulations 
are stored at room temperature and protected from light. The vatis-F1 and F2 can also 
be coated to prevent harmful effect of light and environmental oxygen thereby further 
increasing their shelf-life.  
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8. SUMMARY AND CONCLUSION  
1. We have characterized wheatgrass morphologically, microscopically and 
phytochemically for standardization and proper identification of the herbal 
drug. 
2. Phytochemical analysis combined with HPTLC studies reveal that wheatgrass 
is a rich source of chlorophyll, vitamins, amino acids, minerals and 
antioxidants supporting its use in nutritional deficiency disorders.  
3. We have prepared and standardized vatis (oral) and gel (topical) formulations 
of wheatgrass to improve patient compliance and better outcome of the 
wheatgrass treatment in ulcer and skin diseases.  
4. Results of our study indicate that application of wheatgrass can be beneficial 
in acute inflammatory conditions and inflammatory skin diseases.  
5. Results of our study also suggest that wheatgrass may be useful in treatment of 
gastric ulcers. 
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Summary 
The aqueous, methanolic & acetone extract of the Triticum aestivum (wheat grass) was 
investigated for its anti-inflammatory activities in animal models. The extract 1.43 gm/kg body weight 
reduced significantly, the formation of oedema induced by carrageenan. (1) These results were also 
comparable to those of Diclofenac, the reference drug used in this study. Anti-inflammatory activity 
determined by carrageenan induced paw edema using plethysmometer in albino wistar rats were carried 
out, following the sub cutaneous administration of aqueous, methanolic and acetone extract of triticum 
aestivum. (1.43 gm/kg body weight). The anti-inflammatory activity of methanolic extract of triticum 
aestivum was significant. The maximum anti-inflammatory activity was observed at 5 hr and was 
comparable to that of standard Diclofenac sodium and the percentage of edema inhibition effect was 
73.38%. Acetone and water extract of Triticum aestivum has also shown significant anti-inflammatory 
activity but less than the methanolic extract and standard drug. The activity was attributed to the 
presence of phytoconstituents in the tested extract. 
 
Keywords: Anti-inflammatory activity, Triticum aestivum, wheat grass, plethysmometer, 
Diclofenac sodium, Carrageenan, Paw edema 
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Introduction 
Drugs which are in use presently for the management of pain and inflammatory conditions are 
either narcotics e.g. opioids or non-narcotics e.g. salicylates and corticosteroids e.g. 
hydrocortisone. All of these drugs present well known side and toxic effects. Moreover synthetic 
drugs are very expensive to develop since, for the successful introduction of a new product 
approximately 3000-4000 compounds are to be synthesized, screened and tested, whose cost of 
development ranges from 0.5 to 5 million dollars. On the contrary many medicines of plant origin 
had been used since long time without any adverse effects. It is therefore essential that efforts 
should be made to introduce new medicinal plants to develop cheaper drugs. (2)  Plants represent a 
large untapped source of structurally novel compounds that might serve as lead for the 
development of novel drugs (3) 
Herbal medicines derived from plant extracts are being increasingly utilized to treat a wide variety 
of clinical diseases, though relatively little knowledge about their mode of action is available. 
There is a growing interest in the pharmacological evaluation of various plants used in Indian 
traditional systems of medicine. Thus, the present investigation was carried out to evaluate the 
anti-inflammatory potential of Triticum aestivum (F: Graminae) in experimental animal models. 
(4) 
Wheat, (Triticum species) a cereal grass of the Gramineae (Poaceae) family, is the world's largest 
edible grain cereal-grass crop. It is commonly 60-150 cm. in height, but may be as short as 30 cm. 
stem is tufted, erect or semi-erect to prostrate, generally hollow with thin walls, in stem nodes are 
present generally 5-7 at 3-4 cm. leaves are long and narrow having glabrous or hairy on one or 
both surface.(4, 5)  
Scientific reports on nutritional analysis of wheatgrass have been published frequently in various 
journals (6, 7, 8). These reports and the chemical analyses undertaken reveal that wheatgrass is 
rich in chlorophyll, minerals like magnesium, selenium, zinc, chromium, antioxidants like beta-
carotene (pro-vitamin A), vitamin E, vitamin C, antianemic factors like vitamin B12, iron, folic 
acid, pyridoxine and many other minerals, amino acids and enzymes, which have significant 
nutritious and medicinal value. (4) 
Wheatgrass juice has been proven over many years to benefit people in numerous ways: cleansing 
the lymph system, building the blood, restoring balance in the body, removing toxic metals from 
the cells, nourishing the liver and kidneys and restoring vitality as claimed by Dr. Ann Wigmore, 
U. S. A. founder director of the Hippocrates Health Institute, Boston, U.S.A. She claimed that 
wheatgrass is a safe and effective treatment for ailments such as high blood pressure, some 
cancers, obesity, diabetes, gastritis, ulcers, anemia, asthma and eczema (1).  
Wheat grass contains chlorophyll. Chlorophyll solutions provide significant relief of pain, 
reduction of inflammation, and the control of odor for patients with serious mouth diseases, used 
successfully to treat chronic and acute sinusitis, vaginal infections, and chronic rectal lesions (9).  
 
Materials And Methods 
Plant Material 
Triticum aestivum was collected locally during the November and December. The institutional 
animal ethics committee clearance was obtained prior to the commencement of the study. The 
green grass was macerated with water, methanol and acetone. The extract was concentrated and 
dried. In whole experiments 1.43 gm/kg dose of triticum aestivum were tested. (10),(11). 
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Extraction of Plant Material 
Preparation of various Extract   
For preparation of methanolic extract, dried powder obtained from 100 gram of fresh wheatgrass 
was crushed thoroughly, using mortar and pestle. The crushed wheatgrass was completely 
exhausted by adding small quantities of methanol and filtering off every time in a successive 
manner, and allow drying to yield dried extract. 
Same way for the preparation of aqueous and acetone extract, dried powder obtained from 100 
gram of fresh wheatgrass was crushed thoroughly, using mortar and pestle. The crushed 
wheatgrass was completely exhausted by adding small quantities of double distilled water and 
acetone respectively and filtering off every time in a successive manner, and allow drying to yield 
dried extract. 
Animals 
Albino wistar rat weighing between 150-200 gm and maintained under standard condition in the 
animal house of the college were used for the study. All the animals were fasted overnight with 
water.(12) 
Anti-inflammatory activity: 
Carrageenan induced rat Paw Oedema 
Twenty albino wistar rats of either sex were divided into five groups. Group 1 receives normal 
saline and served as control. Group 2 receive Diclofenac sodium (5 mg/kg) and served as standard. 
Group 3, 4 and 5 received the acetone, methanolic and aqueous extract respectively. One hour after 
the administration (as per the experimental protocol), 0.05 ml of 1% carrageenan solution was 
introduced by sub cutaneous route of the right hind paw of all animals. (12,13,14,15,16,17,18) For 
the assessment of the anti-inflammatory activity, the volume of the paw was measured with the 
help of mercury plethysmometer at 0 h and at 1 h interval for a period of five hours and at 24 hr 
after the carregeenen treatment.(11) 
 
Results and Discussion 
Carrageenan induced oedema is a multimediated phenomenon that liberates diversity of mediators. 
It is believed to be biphasic the first phase (60 min) involves the release of serotonin and histamine 
while the second phase (over 60 min) is mediated by prostaglandins, the cyclooxygenase products, 
and the continuing between the two phase is provided by kinins (19). Development of oedema 
induced by carrageenan is commonly correlated with early exudative stage of inflammation. This 
study has shown that the methanolic, aqueous and acetone extract of the Triticum aestivum 
possessed a significant anti-inflammatory effect against paw edema induced by carrageenan. Since 
carrageenan induced anti-inflammation model is a significant test for anti-inflammatory agent 
acting by the mediators of acute inflammation. The results of this study showed that Triticum 
aestivum can be effective in acute inflammatory disorder. 
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Table-1: Effect of various treatment on carrageenan-induced paw edema in rats 
Effect of vehicle on carrageenan-induced paw edema in rats 
Animal no. Initial Paw 
Volume (ml) 
Paw volume after 
5 hr (ml) 
Difference in paw 
volume (Edema) 
1 69 133 64 
2 72 142 70 
3 73 124 51 
4 75 144 69 
5 74 135 61 
6 71 143 72 
Mean ± SEM 72.33333 ± 0.8819 136.8333 ± 3.156 64.5 ± 3.17 
Effect of Diclofenac  (5 mg/kg) on carrageenan-induced paw edema in rats 
1 73 90 17 
2 75 86 11 
3 76 90 14 
4 80 96 16 
5 79 85 6 
6 71 81 10 
Mean ± SEM 75.67 ± 1.406 88 ± 2.113 12.34±1.687 
Effect of Acetone extract of Triticum aestivum (1.43 gm/kg) on carrageenan-
induced  paw edema in rats 
1 70 110 40 
2 68 105 37 
3 82 111 29 
4 72 105 33 
5 69 87 18 
6 66 100 34 
Mean ± SEM 71.16667 ± 2.31 103 ± 3.58 31.84 ± 3.156 
Effect of Methanolic extract of Triticum aestivum (1.43 gm/kg) on carrageenan-
induced paw edema in rats 
1 68 81 13 
2 74 95 21 
3 65 86 21 
4 55 74 19 
5 69 84 15 
6 64 78 14 
Mean ± SEM 65.83333 ± 2.60 83 ± 2.966 17.166  ± 1.47 
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Effect of Water extract of Triticum aestivum (1.43 gm/kg) on carrageenan-induced 
paw edema in rats 
1 63 83 20 
2 73 101 28 
3 65 84 19 
4 53 75 22 
5 67 89 22 
6 61 90 29 
Mean ± SEM 63.66667 ± 2.716 87 ± 3.549 23.34 ± 1.70 
 
Table-2: Effect of various treatments on carrageenan-induced paw edema in rats at various 
time intervals 
 
 
Fig.-1: % Inhibition with various treatments on carrageenan-induced paw edema in rats at 5 hour  
% Inhibition after x hour  
Time in hours Diclofenac Acetone extract Methanolic extract Water extract 
1 35.01 1.89 14.52 8.52 
2 37.47 14.70 29.42 20.91 
3 43.48 16.74 30.42 35.84 
4 68.32 33.70 59.05 46.60 
5 80.87 50.64 73.38 63.81 
24 96.08 90.31 86.52 96.08 
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Fig.-2: Effect of various treatments on carrageenan-induced paw edema in rats at various time 
intervals 
Experimental models selected to represent edema was carrageenan-induced hind paw edema in 
rats, which also served as primary screening method for anti-inflammatory activity. 
The Carrageenan-induced paw edema test is widely accepted as a sensitive phlogistic tool for 
investigating potential anti-inflammatory agents, particularly the non-steroidal type (20). 
Mechanism of induction of carrageenan edema has been extensively investigated (20).                              
The mean paw volume at 5 hour after carrageenan administration showed immense inhibition, and 
after 24 hour mean paw volume is almost similar to mean paw volume at 0 hour with various 
treatment. 
 
Conclusions 
The results of the study have demonstrated that methanolic extract of Triticum aestivum showed 
strong anti-inflammatory activities on the animal models investigated. The study may come up 
with safe and effective treatments for inflammation.  
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